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WATER 


HE announcement that contracts have been placed 
| British and Dutch firms for the building of 

the Owen Falls Dam near Lake Victoria on the 
White Nile, focuses interest on the different methods 
that the manufacturing countries employ to ensure 
that each gets its opportunity to share the hydro- 
electric contracts now being placed in all parts of the 
world. 

There are, of course, obvious spheres of influence— 
due, perhaps, to sheer geographical contiguity or to 
long standing commercial association; or, in these 
days, to the significance of dollars and sterling. But 
nevertheless in the changing economic conditions of 
the world there is every reason why competition for 
hydro-electric contracts should be keenly pursued by 
the relatively few highly industrialised countries who 
are able to offer both engineering skill and equipment; 
a sufficiently high degree of development in hydraulic 
research, and manufacturing capacity to produce 
whatever type of plant that might be needed. 

A despatch in this issue from a correspondent who 
recently visited South America shows that in this vast 
area there is a very great deal of hydro-electric activity. 
Much of it is still only in the planning stage and 
contracts have yet to be secured; but the American 
and Canadian manufacturing interests have won very 
large shares of the contracts that have already been 
placed. 

It may be instructive to consider the methods they 
have adopted, and to see if the reasons for their com- 
mercial successes offer a lesson to other interested 
countries. 

First, the Americans and the Canadians have given 
great thought to adequate representation at the site 
they employ technical men who are constantly travel- 
ling in the areas concerned, and are familiar with 
local conditions. Thus they strengthen the bonds 
between the parent firms and their local representa- 
tives, and ensure that these local representatives are 
doing the job for which they are employed. The firms 
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are able at all times, with the minimum of delay, to 
offer their representatives all the backing necessary, 
whether technical, financial, or prestige, to ensure that 
they are in a position to seize any and every 
opportunity. 

Secondly, the North American firms have means 
which are generally more than adequate for pub- 
licising their achievements and their manufacturing 
facilities. No engineer connected with any branch of 
hydro-electric activity in the South American terri- 
tories remains unaware of what plants can be made, 
and have been made by the North American firms. 
The same cannot be said of European firms which 
might well compete in this Latin American market. 

The next fact on which the American engineers 
rely is that of reasonable delivery dates. Their dates, 
in general, are very much less than are those offered 
by their European competitors. It may be perhaps 
that not all their promises are kept to the month; but 
this unfortunate state of affairs applies equally, in 
these difficult times to European factories as well. 
Nevertheless the final times of delivery, whatever may 
have been promised, are invariably much less than 
are those of equipment manufactured on this side of 
the Atlantic. 

The final point is that of price, and here the diffi- 
culty is not so easily remedied as are the deficiencies 
previously mentioned. Price is no longer a simple 
matter of a straightforward figure which is quoted and 
accepted. Exchange difficulties and the questions of 
whether or not dollars or sterling are more readily 
available can decide the purview of the commercial 
managements of hydro-electric manufacturing firms; 
but even so the productivity of American factories in 
respect of almost all aspects of hydro-electric work 
is still greater per man hour than is the case in many 
European countries. This is due to basic reasons of 
incentives, labour conditions, labour availability, and 
the like. But even when the availability of sterling or 
other European currency is such that the orders might 
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be placed in Europe rather than in North America, 
dollars are somehow found in view of the great dif- 
ference between American prices and those offered 
by other countries. 


The Owen Falls 
Project 


Contracts for the Owen Falls dam in Uganda 
are now being placed. One of the first to be announced 
associates British and Dutch firms with the building 
of the dam, the first phase of a great scheme, already 
described in WATER POWER, for bringing power 
and irrigation facilities to the extensive areas of the 
Upper Nile. The contract is for £3,639,540 and the 
British firms concerned are Dorman Long and Co. 
Ltd., Edmund Nuttall Sons and Co. (London) Ltd., 
and J. L. Kier (London) Ltd. 

It is expected that over 1,000 African natives will 
be employed on the work at various stages, and an 
immediate start will be made on the dam building, 
which is expected to take about four years. The group 
of firms participating in the building contract is 
headed by Christiani and Nielsen, Ltd. 


The Nile Waters 
Agreement 


Me. ERNEST BEVIN, the British Foreign 
Secretary, announced in the House of Commons in 
May that an agreement had been reached between the 
British and Egyptian Governments for the construc- 
tion of the dam. He said that the agreement was in 
accordance with the spirit of the Nile Waters Agree- 
ment of 1929. The British and Egyptian Governments 
had agreed to entrust to the Uganda Electricity Board 
ihe invitation for tenders and the placing of contracts. 
The two Governments also agreed that, although the 
construction of the dam would be the responsibility 
of the Uganda Electricity Board, the interests of 
Egypt would during the period of construction be 
represented at the site by an Egyptian resident 
engineer. 

When constructed the dam would be administered 
and maintained by the Uganda Electricity Board. The 
Board, however, would regulate the discharges to be 
passed through the dam on the instructions of the 
Egyptian Resident Engineer. The Egyptian Ministry 
ot Public Works and the Uganda Board would consuit 
together on matters of mutual interest. Any difference 
of opinion which might arise, however, in connexion 
with the control of the water or with the generation 
of hydro-electric power would be a matter for dis- 
cussion and settlement in a spirit of friendly co- 
operation between them. If these authorities found 
themselves unable to settle, said Mr. Bevin, the matter 
would be referred to arbitration in accordance with 
agreements to be reached between the two Govern- 
ments. 

The Egyptian Government had announced that 
they would welcome the participation of the Sudan 
in the projects for the control of the Nile. The parti- 
cipation of the Sudan would be the subject of 
technical discussions between Egypt and the Sudan, 
the results of which would be embodied in agree- 
ments to be concluded in connexion with these 
projects. 

Mr. Bevin announced that the Egyptian Parliament 
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had voted £E4,500,000 towards the cost of the scheme. 
part of which would be paid in compensation for the 
disturbance of the peoples affected. It would cost the 
Uganda Government about £7,500,000 as a prelimi. 
nary payment. 


Snowy River 
Contracts 


RECENT official information from Australia shows 
that published statements by certain industrialists 
concerning industrial equipment supplies from the 
United Kingdom do not correctly reflect the view of 
the Government of Australia. It has been asserted. 
for example, that Australia could no longer look to 
the United Kingdom for industrial machinery and 
constructional equipment, because of an inability to 
cope with the heavy demand. The fact is, however, 
that the Australian Government is anxious wherever 
possible to obtain contractors within the sterling area, 
and especially from the United Kingdom. Big con- 
tracting firms in all parts of the world have made 
inquiries about the constructional work to be under- 
taken on the Snowy River and mountains hydro. 
electric power and irrigation schemes, discussed in 
an earlier issue by our special correspondent, and 
estimated to cost £200 million. United States firms 
have offered to send experts to the country to examine 
the plan and submit tenders on the spot. But it has 
been pointed out in Canberra that, while the Govern- 
ment welcomes all such inquiries, it still desires to 
contract within the sterling area for preference. 


New Cities for 
Australia 


It becomes clearer as progress is made that the 
Snowy scheme in its final form will be nearly com- 
parable with that of the great Tennessee Valley 
Authority in the United States. The recently appointed 
chairman of the Snowy Mountains Hydro-Electric 
Authority, Mr. W. Hudson, intimated this recently 
when talking on the preparations of general plans for 
the project. He envisages the creation of entirely new 
cities and towns in the important areas of Australia 
covered by the operations, though the potentialities 
are sO enormous in extent that at this early stage the 
exact location of such townships cannot be definitely 
placed. Australian labour will be employed as far as 
possible, but there is certain to be a need for supple- 
menting it from migrants arriving in the Common- 
wealth during the next few years. Seven major dams, 
16 power stations, 86 miles of tunnels and 550 miles 
of canals are some of the features of this colossal 
scheme. 


Engineers’ Report on the 
United States 


THe 24 European electrical and mechanical 
engineers who went to the United States a few months 
ago as part of the programme of technical assistance 
to Marshall Plan countries, report conditions of power 
shortage similar to, though not so severe as those in 
Europe. The shortages have led to a considerable 
increase in interconnection between power companies 
of the United States. The mission, during a five weeks’ 
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stay travelled over 4,000 miles and visited 13 water 
power stations, including the Fontana station of 
the T.V.A., the Nanathala station belonging to the 
Aluminium Corporation of America, and the Adams 
station of the Niagara Hudson Power Company. 
Today about 26 per cent. of the electrical power of 
the U.S. is produced from water power. The engineers 
give it as One of their main conclusions that main 
advantages of the technique of interconnected opera- 
tion are that less spare generating plant is needed, 
less total generating power required, lower production 
costs are possible, and better output should result. 


A Five Point 
Programme 


THE working party of the Organisation for Euro- 
pean Economic Cooperation has unanimously adopted 
proposals which wiil form the basis of a five point 
programme of research collaboration submitted to 
the council of the Organisation. The five heads 
enumerated are the interchange of official documents 
on scientific and technological information, inter- 
change of statistics, interchange of technicians, con- 
sultation on technical assistance projects, and, finally, 
cooperative research in fields where the scale of 
operations, such as the need for the extensive facilities 
outlined in the electricity projects, is too massive for 
any individual country either now or in the foresee- 
able future. The Council of Europe similarly has 
recognised the tremendous value of maximum co- 
operation in these fields. 


Consulting Engineers 
in India 


ProFEssOR A. V. NATH, in a recent speech to 
the Indian Institute of Engineers at New Delhi, 
advocated the formation of an Indian Board of Con- 
sulting Engineers. While not suggesting the complete 
exclusion of foreign consultants, Professor Nath said 
that policy in the past had resulted in four major 
disadvantages: the perpetuation of unskilled labour 
in India; the exclusion of Indian engineers from the 
majority of projects, with the consequence that they 
were unable to obtain advanced technical knowledge: 
a strong tendency towards complete reliance on 
imported technicians and equipment; and the dis- 
couragément of auxiliary industries. 

Commenting on this, a2 senior member of a British 
firm of consulting engineers, who have had close 
associations with India, said that while there were a 
number of distinguished engineers of wide experience 
who were perfectly capable of undertaking the most 
advanced consulting work, there were so many pro- 
jects involving major engineering planning now under 
way in India that the country had far too few 
engineers of consulting status to be self-reliant in this 
respect for many years to come. 


C.1.G.R.E. Conference 


PerHaps the most important of all the inter- 
national technical conferences, from the point of view 
of the electrical side of hydro-electric development, 
is that held each alternate year in Paris by the 
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Conférence Internationale des Grands Réseaux 
Electriques (C.1.G.R.E.). 

The thirteenth meeting will be held in Paris at 28 
rue St. Dominique, Paris 7, from June 29th to July 
8th, 1950, and will, as before, be attended by engineers 
from all parts of the world. 

International Study Committees have been studying, 
during the two years since the last conference in 1948, 
subjects dealing with insulating oils; high tension 
insulated cables, high tension switching and circuit 
breakers; relaying; insulators; conductor calculations 
for overhead lines; transmission power problems; 
lightning and surges; A.C. transmission at extra high 
voltages; D.C. transmission at extra high voltages; 
telephone and radio interference; transformers; system 
stability and load frequency control; carrier current 
transmission over power lines; insulation co-ordina- 
tion; reactive and distorting phenomenon; and 
generators. 


Coordination of Power 
in Malaya 


W itn the passing of the Electricity Bill in Malaya 
a pattern of electricity generation and supply closely 
approximating that which existed in Great Britain 
before the final nationalisation move in 1948 will 
exist. The Bill provides for the setting up of a Central 
Electricity Board, which will take over control of the 
Government supply undertakings, and will-—although 
not compulsorily acquiring ownership — exercise 
control over the generation operations of the Perak 
River Hydro-Electric Power Company, and other 
power supply organisations in various parts of the 
country. 

One of the first duties of the new Board will be 
to plan the construction of a grid scheme to cover 
almost every part of the country, and to link together 
existing power stations, while the new hydro-electric 
power station in the Cameron Highlands will be an 
essential part of the large scale plans to reinforce 
power supplies throughout the Malayan Union. 

Mr. T. E. R. Morphy, who was acting Director of 
the Electricity Department in December last year, 
stated that there would be a deficiency of about 
30 MW in 1950, and that in the Kuala Lumpur area 
alone a further 28 MW of load was awaiting con- 
nection. Thus there seems every reason for the new 
Authority to press on as rapidly as possible with the 
harnessing of Malaya’s natural resources of power. 


Tidal. Power 


News comes from both Canada and the United 
States that the frequently-postponed discussions by the 
International Joint Commission on the Passama- 
quoddy Bay tidal power project in Maine, have been 
reopened 

The lessons learned through the severe drought 
periods which have harassed hydro-electric power 
boards in all parts of the world in recent times, have 
shown that the disadvantages of cyclic power pro- 
duction which are inherent in tidal schemes, may be 
outweighed to some extent by the fact that no 
abnormal seasonal variations can upset the plans for 
power output from a tidal scheme. 


223 











Monument to pioneer Cornish miners : The first water- 
wheel powered by hydraulic pump used by Cornish miners 
in the Cariboo county of British Columbia, Canada. The 
wheel was set up as a monument in 1930 at Quesnel, B.C., 
and is a source of attraction to tourists. 


WATER POWER November-December 1949 





















fers 
ers 
The 
ell 








The Transmission of Power 


A technical and economic comparison between A.C. and D.C. trans- 
mission systems, by F. Busemann. It is based on a report (Ref. Z/T77) of 
the British Electrical and Allied Industries Research Association. 





——_—__—_— 


Cette étude comparative économique et technique du 
transport de force par courant alternatif et continu 
est basée sur le rapport Z/T 77 de la British Electrical 
and Allied Industries’ Research Association. L’ auteur 
suggere ici que les systemes sont complémentaires 
plus que rivaux. Le transport par courant continu, 
souligne-t-il, convient aux distances extrémement 
longues et aux installations dans lesquelles l'emploi 
de cables est imposé par des raisons techniques. Le 
transport par courant alternatif, sous tensions plus 
élevées que celles d’aujord’ hui, satisfera la demande 
lé ou le dévelloppement du réseau de force exige une 


lus grande capacité par circuit. 
Pp 


Una comparacion técnica y econémica entre trans- 
misiones de energia eléctrica de corriente continua y 
alterna a base del informe ref. Z/T77 de la Asociacién 
de Investigaciones Cientificas de Industrias Britdnicas 
Eléctricas y Derivadas (British Electrical and Allied 
Industries’ Research Association). En este articulo el 
auto sugiere que los dos sistemas son complemen- 
tarios, mas que de competencia, y que la transmision 
de corriente continua dispondra de sus propias posi- 
bilidades de aplicacién para distancias entre extra 
largas y en proyectos donde debido a motivos técnicos 
tienen que emplearse cables. La transmisién de 
corriente alterna a voltajes mds elevados que los 
empleados en el pasado lograra satisfacer la demanda 
en los casos en que la extension del sistema de energia 
exige una capacidad de mayor potencia por circuito. 





ANY water power sites all over the world have 
Moov been developed because they are too remote 
from industrial load centres, and the cost of 
transmitting the power renders their development at 
present uneconomical. Much research and develop- 
ment has been done on electric power transmission 
since the construction of the highest voltage stage of 
287 kV of the Boulder Dam-——Los Angeles line, 1935; 
and it may well be that before Icng the development 
of remote water power sites will become economical. 
The first link between Alpine water power and the 
Ruhr, a double circuit line of 400 miles odd, has 
already been constructed with the conductors and 
clearances necessary for 380 kV. This line has been 
in service at 220 kV since 1929. In the thirties Russian 
engineers made comprehensive investigations on a 
400 kV Kuibyshev—Moscow scheme. German and 
Swiss firms worked on 400 kV a.c. problems before 
and during the wai for a new Alps—Ruhr line, made 
extensive corona tests under all weather conditions, 
and studied the mechanical and electrical features of 
bundle conductors, as well as the principal design of 
the main elements of the sub-stations. After the war 
a group of firms in the U.S.A. constructed, in a liberal 
way, the Tidd 500 kV test station. In France a similar 
test plant was built at Chevilly, and the Swedish 
Water Power Board went ahead constructing not only 
test plant, but actual long distance transmission lines 
for 380 kV. 

While all this effort is being expended in order to 
add one more voltage stage to a.c. transmission, with 
its Operating experience extending over SO years, con- 
siderable efforts have been (and are being) spent on 
research and development of d.c. transmission and, 
although still in its infancy, remarkable results have 
been achieved. It is the subject of this article to review 
the relative position of these two rivals in the field of 
long distance transmission. 

Transmission by a.c. over long distances is governed 
by two limiting factors: stability and corona. The 
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stability conditions make it very difficult to increase 
the transmitted power per circuit on long distance 
lines (250 miles and more) to values considerably 
above the “ surge impedance loads ” given in Table 1. 
At this load, the leading reactive power V*wC per 
mile at rated voltage equals the lagging inductive 
power loss, I’wL per mile. This is by no means a 
technical limit of the transmissible power but, since 
the inductive line losses—which must be compensated 
at least on part of the line—increase with the square 
of the transmitted power, the economic limit is very 
soon reached. 

At very high voltages the external dimensions of 
the conductors are determined not by the current they 
have to carry but by corona. Up to 220 kV the 
economic conductor section for steel core aluminium 
conductors meets the corona requirements. For higher 
voltages and in the case of copper conductors at 
220 kV, the corona necessitates a larger diameter than 
is needed for the economic current density of the 
transmitted power. This new condition can be met 
either by employing hollow conductors (e.g. Boulder 
Dam, 287 kV, 1.4” dia. copper in service since 1935), 
or by “bundle conductors” (e.g. Sweden 380 kV, 
2 conductors 1.25” dia. S.C.A. 17}” apart, under 
construction, going into service at 380 kV in 1951). 
The latter have the advantage of reduced surge im- 
pedance, and therefore increased transmissible power 


TABLE !1—SURGE IMPEDANCE LOADS 
OF A.C. LINES 


|220 | 287| 330] 380| 440 


| Voltage kV 


Single con- 














Surge ductor 130 220 | 290 380 520 
Impedance | MW 
Load “ Duplex ” | 
conductor 170; 230; 380; 500/ 670, 
MW | | 
995 








by about 30 per cent. Alternating current transmission 
has by no means come to the end of possible develop- 
ment. Experimental stations for 500 kV are operating 
in France and the U.S.A. and conclusions regarding 
the necessary insulation levels will most probably lead 
to price reductions for extra high voltage lines. The 
stability problem is also still very much in the de- 
velopment stage. The first series capacitor in a 200 
kV system will go into service in Sweden this autumn. 
Further progress may yet be expected from electronic 
control of generator excitation, high speed fault clear- 
ing, phase angle control and other problems. 


Recent Development of D.C. 
Table 2 gives a list of the more prominent trial d.c. 
schemes that have been undertaken in various 





operated at 360 kV d.c. line-to-line, and the working 
voltage relative to earth is the same with d.c. as at 
the a.c. peak. The effective value of the voltage to 
earth is thus increased by 41 per cent. The dimension. 
ing of long distance lines is usually not determined 
by the current carrying capacity, but by other factors, 
such as corona, or power loss. So it will, in most cases, 
also be possible to permit a higher current. If, for 
example, the same percentage of loss is permissible 
the current can be increased by the same factor, 1.41, 
as the voltage, so that the transmission capacity per 
conductor is doubled. A 220 kV double circuit a.c, 
line with 6 conductors carrying about 300 MW can 
thus be converted to a 360 kV d.c. line, with three 
circuits carrying 600 MW at the same percentage line 
losses. And whereas long distance 220 kV lines are 











TABLE 2—D.C. DEVELOPMENT IN VARIOUS COUNTRIES 
Country “ie Place Type of Plant In Service roy oe ——— 
U.S.A. G.E.C. Schenectady Test line 1936 17 27 5,000 
Mechanics- 
ville 
U.S.A. G.E.C. FactoryEdgar Frequency 1943 0 30 20,000 
Thompson converter 
district with d.c. 
Pittsburgh link 
U.S.A Allis- Factory Gary Frequency 1943 0 1.6 6.666 
Chalmers district converter 
Chicago with d.c. 
link 
Switzerland Brown- Wettingen Test line 1939 19 50 1,000 
Boveri Ziirich 
Switzerland Brown- Biaschina Test plant 1943 0 33 13,000 
Boveri 
Germany Prof. Marx Lehrte- Test line 1942 4.5 80 16,000 
Misburg 
Germany S.S.W. Charlotten- Test line 1944 3 100 15,000 
berg-Moabit 
Germany A.E.G. Elbe-Berlin Test and 70 400 60,000 
S.S.W. industrial 
line 
Sweden A.S.E.A. Trollhattan- Test line 1947 31 90 6,500 
Mellerud 


countries during the last 15 years. The largest plant 
so far has been constructed by German firms, whose 
work has been continued after the end of the hostilities 
by the Soviet authorities, under the Five Years Plan 
1946-50. Figure | shows a photograph of the Char- 
lottenburg rectifier station. constructed by Siemens 
Schuckert for 15,000 kW, 100 kV. A very promising 
study is being made in Sweden, where the power 
transmission and manufacturing interests are co- 
operating in a long term d.c. development programme, 
in spite of the construction of 380 kV a.c. lines for 
the urgent needs of the immediate future. 

One advantage of d.c. transmission by overhead 
lines for long distances is that the stability problem 
does not influence the economical design of the lines. 
Another advantage is that for the same voltage 
gradient at the conductor surface, which determines 
the corona threshold voltage. the working voltage of 
d.c. can be increased by the factor 

. 


a 
ke th 1.63. 
V3 


A line. insulated for 220 kV a.c. can therefore be 


6 


confined to a current rating of 400—500 amp. for 
stability reasons making a higher voltage necessary 
on increased power per circuit with the costly hollow 
or bundle conductors, the current in d.c. transmission 
is not thus limited and it is possible to utilize the 
voltage of 360 kV up to higher currents. 

Cable insulation has a much higher voltage rating 
with d.c. than with a.c. because of the absence of 
ionization. A mass impregnated cable for 60 kV a.c., 
or an oil impregnated cable for 132 kV a.c., can be 
used for 400 kV dic. (all values being line-to-line 
working voltages). High voltage a.c. cables have a 
very considerable charging load—e.g., one three-phase 
circuit 220 kV has about 5,000 kVA per mile. On 
long distances this reactive load would have to be 
compensated by parallel reactors arranged at, say. 
every 30 miles in order to keep the extra losses and 
the reduction of the cable capacity for active load 
within reasonable limits. The high cost of insulation 
and the requirements of the charging load have 
hitherto debarred the use of a.c. cable on long 
distances. Although d.c. cables will be much cheaper 
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100 kV, 
15,000 kW (Siemens Schuckert Berlin) 


Fig. 1. Charlottenburg rectifier station, 


than a.c. cables of the same capacity they would, of 
course, have to compete with the cheaper d.c. over- 
head lines, and conservative price estimates indicate 
that on long distances the d.c. overhead line will retain 
preference over the cable. 

In special cases such as sea or desert crossings, 
where cables are required for technical reasons, d.c. 
transmission, if available, can bring many schemes 
within the range of economic possibility which with 
a.c. could never be seriously contemplated. 


Disadvantages of D.C. Transmission 

The reason which has led to almost universal appli- 
cation of a.c. in public power systems during the last 
50 years is its transformability by simple means. 
Direct generation and consumption of d.c. in larger 
machines on high voltage as used in the famous Thury 
system is now out of the question, since the voltage 
and power limits per machine unit are too low for 
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present standards. Alternating 
current will therefore retain its 
position in generation and dis- 
tribution. The d.c. for the long 
distance lines must therefore be 
obtained in large sub-stations, 
with rectifiers at the sending, 
and inverters at the receiving 
ends. These converters will be 
preferably of the mercury arc 
type, although other systems 
such as the Marx air blast 
valves have been tried and 
contact converters contempla- 
ted. Whereas a.c. sub-stations 
contain mainly transformers 
and switchgear, the d.c. sub- 
stations would also contain 
converters and their auxiliaries 
requiring in all probability 
spacious buildings, because of 
the delicate temperature con- 
ditions necessary for the valves. 

The normal method of com- 
mutation on the inverter side 
requires advanced ignition, so 
that the current supplied to the 
receiving a.c. system is leading. 
Thus the inverter station de- 
mands from the receiving a.c. 
system a considerable amount 
of reactive power; 50—80 per 
cent. of the active power. The 
cost of this reactive power 
generation plant must be added 
to the extra cost of the sub- 
station. Improvements in this 
respect however are likely as 
d.c. development proceeds, and 
there is the possibility that 
“forced commutation” may 
enable the inverter to dispense 
with the need for reactive 
power altogether, or even to 
supply some to the a.c. system. 

All modern ac. circuit 
breakers rely on the passage 
of the current through zero twice every cycle and so 
for extra high voltage d.c. circuit breakers new prin- 
ciples will have to be tried, and suitable designs 
developed. Single lines connecting only one rectifier 
with one inverter station can be run without circuit 
breakers on the d.c. side, if the facilities offered by 
the grid blocking and grid control of the converters 
are properly utilized. The lack of suitable circuit 
breakers in the long run can, however, become a 
serious obstacle for d.c. if, for the service of inter- 
mediate points along the main line, an additional a.c. 
line were required whose cost would absorb most of 
the savings of the d.c. scheme. 

With a.c. transmission, which has the advantage 
of 50 years’ operating experience, each higher voltage 
stage has been developed after several years’ ex- 
perience with the previous stage. Direct current 
transmission, however, will have to overtake this in 
a relatively short time by a few stages in pioneer 
plants which, of necessity, must be on the wrong side 
of the economic demarcation line. 

To these disadvantages may be added without 
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particulars: the necessity of sufficient synchronous 
capacity in the receiving a.c. system, probably in- 
creased fouling of insulators in the d.c. field, increased 
harmonics and interference. It can safely be assumed 
that research and development will overcome these 
difficulties. 


An Economic Comparison 


The principal economic differences between the two 
systems of transmission are: d.c. lines cost less, d.c. 
stations cost more than a.c. Since the savings on line 
cost constitute a certain percentage of the price per 
mile, the absolute savings in £/kW increase with the 
distance. The additional cost of d.c. stations, including 
the necessary reactive power generating plant at the 
inverter end, has most probably a fixed value in £/kW. 
So it should be possible to find a critical distance 
above which d.c. becomes competitive with a.c. This 
is the distance at which the savings on line cost just 
cover the additional station expenses. 

The following comparison between the two systems 
has been made on the basis of 1947 prices and in such 
a way as to keep as near as possible to the point 
where the actual cost differences between a.c. and 
d.c. occur. Hence attention is concentrated on the first 
cost only. Although the ultimate proof is the total 
annual cost, or the cost per transmitted kWh, the 
writer thinks that the comparison of the annual cost 
involves so many additional assumptions such as load 
factor, value of losses, rates of interest, etc., that the 
total cost becomes confused rather than clarified by 
their introduction, all the more since at the present 
stage of development too little is known about d.c. 
equipment, its life and maintenance cost. As a matter 
of fact the losses in both systems are of the same 
order, and usually account for only a relatively small 
fraction of the annual cost. Where they really become 
significant an increase of the conductor section or 
similar alterations of design can be made to either 
system, so that differences due to them in any com- 
parison are merely incidental and not of a funda- 
mental character. 

The power and the number of circuits have been 
chosen according to Table 3. Distances up to 600 
miles have been considered. 

Since the main field of d.c. transmission is outside 


TABLE 3—BASIS OF COMPARISON 


Power in MW (total Number of Circuits 


of all circuits) Normal ! Emergency 
240 3 | 2 
400 3 2 
1000 2 
2000 4 3 


the highly industrialised areas it is unlikely that a 
d.c. line would run in parallel with an existing distri- 
bution system on which it could rely for transmission 
of some of the power over a considerable part of the 
distance if one circuit of the line was out of service. 
In those circumstances it is more likely that the new 
line is only the beginning of a large scale electrification 
scheme. Therefore it has been assumed that the 
long distance line must include sufficient emergency 
capacity to enable the full load to be transmitted when 
one circuit is tripped, or out of service for repair. In 
order to keep the voltage drop (or, for a.c., the 
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additional inductive losses) low enough, the line js 
subdivided into sections. The intermediate stations are 
equipped for a.c. with circuit breakers and for dg. 
with isolating switches, the latter at negligible cog, 
which need not mean inferior continuity of service 
because of the possibilities of grid blocking and re. 
starting. 

Earth return has not been considered. If investiga. 
tions should show later that, under certain conditions, 
earth return is feasible, additional cost reductions can 
be made on d.c. lines. 

The a.c. intermediate stations also contain, where 
necessary, reactive power plant such as synchronous 
capacitors with transformers and switchgear or series 
capacitors with their auxiliaries to meet the stability 
conditions. The a.c. costs are therefore subdivided 
into the costs of the line and of the intermediate 
stations, in order to allow a rough assessment of how 
much the total costs may be affected by further pro. 
gress on the a.c. side. 

The relative prices in £/kW of line and intermediate 
stations, but without the terminal stations, are plotted 
against the distance in Figures 2—5S. The difference 
between these a.c. and d.c. prices has to cover the 
extra cost on d.c. terminal equipment. Figure 6 shows 
this difference for the various cases. It seems that the 
difference decreases with increasing power per circuit. 
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Fig. 2. Cost of a.c. and d.c. lines, excluding terminal 
stations. 240 MW, 3 circuits 
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Fig. 3. Cost of a.c. and d.c. lines, excluding terminal 
stations. 400 MW, 3 circuits 
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Fig. 5. Cost of a.c. and d.c. lines, excluding terminal 

stations. 2,000 MW, 4 circuits 


What now is the “extra cost” of d.c. terminal 
stations? British prices are not yet available, but the 
following price estimate has been based on the 
German Elbe-Berlin transmission scheme, with a 
certain allowance for future reduction in cost: 


COST l£/kW 

(1) Converters, including insulating transformers, | 
grid control equipment, re-cooling plant 2.65 

(2) Transformers, smoothing coils, auxiliary | 
transformers. ; : ; ‘ ; - | 2.0 

(3) Switchgear for incoming and outgoing lines, ; 
control board, protection, surge protection . 1.7 
(4) Buildings, foundations, cooling water supply | 0.45 


Total £/kW 6.8 


The inverter station must also include the necessary 
reactive power generation plant. Synchronous capaci- 
tors including step-up transformers, h.v. circuit 
breaker and the necessary auxiliaries for starting, 
control and protection, cost about 4.7 £/kVA. If 0.8 
kVA reactive power is required per kW active power, 
then £3.8 per kW must be added to the inverter station 
_ The total cost of the d.c. terminal stations is 
thus: 

2 x 6.8 + 3.8 = £17.4 per kW. 

The a.c. terminal stations, complete with trans- 
formers, for tap changing under load, circuit breaker 
installations for incoming and outgoing lines, were 
estimated at £7.4 per kW for both ends. With these 
figures the extra cost of d.c. stations is £17.4 - £7.4 
£10 per kW. This price is marked by the line a—a in 
Figure 6. The amount is available from the savings 
on the line cost for distances of 300—400 miles or 
more. 

Swedish investigators (U. Lamm, C.1.G.R.E. report 
1948, No. 411) found a difference between d.c. and 
a.c. terminal stations of about 300 MW capacity, for 
both ends, including reactive power generation plant, 
of $17.20 or £4.3 per kW (Line b—b in Figure 6). 
Since no corresponding Swedish prices are given for 
lines, it would perhaps be misleading to draw any 
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conclusions from the intersection point of the line 
b—b with the British line price differences in Figure 
6. But the comparatively low Swedish prices indicate 
that the British price estimates are apparently con- 
servative and leave a certain margin for price 
reductions in the future. 

Ehrensperger (Brown Boveri Rev. 1945, No. 9) 
finds as a result of a very comprehensive economic 
investigation of the annual cost of a.c. and d.c. trans- 
mission up to 800 MW and 1,000 miles, that the 
critical distance is at about 500 km (310 miles, line 
c—c in Figure 6). 

The results of the comparison suggest that the two 
systems are complementary rather than competitive, 
and that d.c. transmission will have its own field of 
application on the extra long distances and in schemes 
where, for technical reasons, cables have to be used 
over considerable distances. 

A.C. transmission with higher voltages than hitherto 
used will satisfy the demand where the growth of the 
power systems calls for higher power capacity per 
circuit. In the field of extra long distances the higher 
a.c. voltages may also have to be applied in the initial 
stages of schemes in the near future with possible 
conversion later to d.c. 


D.C. Development Problem 

The development of d.c. up to the stage where it 
can become a commercial proposition for a trans- 
mission of the order of 100 MW for 300 miles requires 
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Fig. 6. Cost differences of lines, stations and critical 
distance 
a—a British estimate of extra cost of d.c. terminal stations. 
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the solution of the following problems: 

Design, construction and test of converter valves 
at full scale. This item will most probably be the most 
costly one, and will determine the total development 
time. Present opinion is that mercury vapour arc 
valves are the most promising type. The large gap to 
be filled between existing designs and the voltage and 
current ratings required in commercial d.c. trans- 
mission schemes involves extensive development by 
a comparatively large number of highly qualified 
specialists, and large expenditure on test samples and 
on testing facilities. The final tests would have to be 
made in a pioneer transmission plant of suitable size 
under actual system conditions. 

Nearly all the other problems could be solved in 
parallel without extension of the total time—e.g., the 
behaviour of insulators under d.c. voltage, and the 
modification of insulators if necessary; study of 
corona losses and interference problems; the develop- 
ment of suitable control and protection equipment; 
research on cables; study of problems connected with 
earth return. 

The solution of the switching problem is not neces- 
sary for the first commercial d.c. transmission but 

Continued on p. 231 
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European Power Needs 








Increased coordination in the production of electricity among countries 
that are members of the Organisation for European Economic Co- 


operation is a main requirement urged in ‘‘The Report of the Electricity 


Committee’ (published by His 


Majesty’s Stationery Office, price 


one shilling) which is one of the interim reports on the European 
Recovery Programme. 








ROM a detailed analysis of the power shortage 
Finis important report examines the problems of 

carrying through the recovery programme, while 
most useful annexes give estimates of power deficit, 
production capacity, lists of power stations and a 
final summary of the strictly national,recovery pro- 
grammes of O.E.E.C. countries. 
~ In the years immediately preceding the war the 
electricity industry generally in Europe went through 
a phase of development and concentration. That 
phase ended abruptly with the coming of war. Pro- 
duction capacity decreased, and constructional work 
on new power stations ceased entirely, thus bringing 
to an end work that was promising far-reaching re- 
sults. With the close of hostilities not only was there 
naturally a greater need than ever for the revival 
of the schemes laid down years before, but the de- 
mand for power in almost every direction increased 
enormously. 

The result is that to-day every country in Europe 
is faced with a serious gap between production 
capacity and demand. It has been officially estimated 
that the additional power required by mid-1952 is 
about 20 million kW. Compared with this total new 
construction under the national programmes will 
still leave a deficit of 4 to 5 million kW capacity, or 
about 16.600 million kWh. 

By continuing the policy of restrictions, it is stated, 
this deficit could be covered, but “ such a policy will 
directly affect the standard of living,” and even if 
this were not so it would be impossible to avoid 
damage to the productive effort of the continent. 
The programmes of each country at present, how- 
ever, indicate that this shortage of generating power 
need not constitute an insurmountable barrier to 
attainment of economic viability by Europe as a 
whole. 

In addition to the national power stations there 
are now plans for the construction of certain “ inter- 
national power stations,” while a complementary 
programme consists of stations which individual 
countries consider essential to their development 
plans, but which the countries concerned probably 
will not be able to complete without special financial 
assistance. Present expectations are that power 
plants planned to come under the international and 
complementary programmes will possess a_ total 
capacity in the region of 7.8 million kW with an 
output of approximately 28.2 million kWh, at a cost 
estimated (in May this year) at 1,949 million dollars. 
Thus the deficit could be covered, but it would still 
be necessary to continue restrictions on consumption 
to avoid interfering with industrial production. 
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Apart from power itself the comparative shortage 
of transmission lines capacity, especially for inter- 
connections through frontiers, is a delaying factor. 
The Electric Energy Committee of the Economic 
Commission for Europe has been instrumental in 
the work of coordination for the improved utilisation 
of generating facilities and power resources, and this 
work also is being pushed forward by means of 
bilateral agreements. 

The capacity of certain power lines will be im- 
proved to make possible the displacements of energy 
along the existing 220 kV lines. At present there 
exist transmission facilities for power between 
Austria and the Bizone, Austria and Italy, the 
Bizone and France, Benelux and Switzerland, 
Switzerland and France, Switzerland and Italy, and 
France and Benelux. Additional lines will connect 
Italy and France, the Bizone and Benelux, France 
and Benelux, Sweden and Denmark. There have 
been negotiations for the interconnection also of the 
power systems of Austria and Switzerland and of 
Norway and Sweden. At the time of the report con- 
struction of new high tension lines was being delayed 
by lack of certain materials, but Europe is now in 
a position to produce the greater part of the equip- 
ment needed for the development of the programme 
envisaged. 

The backbone of the interconnection between 
countries was formerly the two 220 kV north-south 
lines enabling a flow of power from south to north 
during high hydro-availability in the south, and a 
flow of thermal power from north to south during 
the low periods of winter in the south. It was the 
removal of thermal generating equipment from 
eastern Germany which upset the balance, so that 
the winter flow of power south from the central 
brown coalfields of Germany is no longer possible. 
The power shortage thus occasioned will, however, 
be overcome to some extent by the completion of 
the east-west line now under construction in the 
Bizone, which will connect the two north-south 
220 kV lines, permitting fuller use of the hydro 
capacity in the south and the thermal capacity in 
the north. But for the long term programme the 
capacity of existing lines will be insufficient to carry 
the load, and the Electric Power Committee of the 
Economic Commission for Europe aims therefore 
at converting certain 220 kV lines to 400 kV. 

The “ international” programme for Europe has 
been considerably extended during the last two years 
or so. Its objective is the construction of stations for 
a total capacity of 2.8 million kW with a production 
capacity of 7,700 miliion kWh at an estimated cost 
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(pre-devaluation) of 853 million dollars. This change 
is due to several of the countries approaching the 
tak in a manner different from that formerly 
adopted. Some, realising that their resources were 
not sufficient for the projects, have cut their pro- 
orammes. Others, determined that the power deficit 
must be met, have actually begun work on stations 
without any clear-cut plans for financing the scheme. 
The Swiss share in these projects, the report indi- 
cates, will be met from their own resources, but 
generally it is estimated that more than half the total 
cost will be forthcoming from external aid to the 
countries concerned. The French share in_ the 
Chatelot plan to supply both Switzerland and 
France, for example, is to be met from the normal 
E.R.P. aid—the same applies to the Austrian share 
in the Braunau plant in Upper Austria and Bavaria 
and serving Austria and the Bizone, and the share 
of the French zone in the Rheinau hydro plant, 
located in Switzerland and the Bizone and serving 
both these lands and the French zone. A main 
reason for designating these and similar under- 
takings as “ international ” is that their development, 
deemed in each case by the committee to be neces- 
sary, can be brought about only by international 
agreement. The complementary programme, on the 
other hand, while not requiring such agreement, 
consists of stations regarded by the countries con- 
cerned as essential to their development, but still 
requiring special financial assistance. In the Com- 
mittee’s view these stations are needed if the 1952 
deficit is to be avoided. 

Urgency is the keynote of these plans for 
European recovery, and in view of that fact the 
Committee has included in its survey a strong 
recommendation that, in order to expedite deliveries, 
only existing types of equipment should be ordered, 
and that the machinery should be familiar in all 
respects to the manufacturer concerned with sup- 
plies. There is always, of course, the question of re- 
placement costs, now very much higher than before 
the war, and the report cites this fact as a possible 
deterrent to new constructions as well as to actual 
replacements. 

On the general problem of prices the report says: 
“Most European networks have become an integral 
part of the national transmission systems. In such 
systems there can be no difficulty in absorbing in 
the general capital structure the cost of additional 
power plant and raising the price of electricity by 
the small amount required in order to balance the 
expenditure incurred. Where integration is less ad- 
vanced the difference in all-in costs per unit 
generated in already established power stations in- 
troduces a special problem. In countries where the 
price of electricity is controlled by the state this may, 
in certain cases, render it unprofitable for private 
enterprise to undertake new investments in_ the 
industry.” 

Regarding cross frontier problems the point is 
made that the system of integration across boun- 
daries is not complete and, “in theory this diffi- 
culty might hinder the construction of stations re- 
quiring international cooperation. But in so far as 
such stations can be built only after detailed bilateral 
negotiations which would eliminate all difficulties it 
is considered that this point could be dealt with 
satisfactorily.” 
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Mr. A. W. K. BILLINGS 


Mr. A. W. K. Billings, until recently President of 
the Brazilian Traction, Light and Power Company, is 
to retire to his residence in California, on account of 
failing health. 

After a wide experience in many parts of the world 
Mr. Billings was invited, at the end of the First World 
War, to study the problem of increasing the produc- 
tive capacity of the plants at Rio de Janeiro and Sao 
Paulo, thus starting a long association with Brazil. 

One of the first results of his recommendations was 
the installation of the 117,000 kW plant on the 
Paraiba river; and under his supervision a power 
station was erected at Rasgao, with 20,000 kW of 
plant, in the record time of ten months. An unprece- 
dented drought had rendered power supplies to the 
important industrial centre of Sao Paulo exceedingly 
precarious, and the new plant was of very great 
assistance. The next project carried out under Mr. 
Billings’s charge was the 500,000 kW Cubatao plant. 
which entailed the damming and reversing of several 
rivers and the inauguration of large storage lakes. 

Difficulties concerning the importation of plant 
during the Second World War meant that the increas- 
ing electrical demands of Sao Paulo and Rio de 
Janeiro could only be met by the construction of a 
high-tension transmission line between the power 
systems of the two centres of population, and Mr. 
Billings planned and constructed a 232 kV line, 450 
km long, which enabled the different seasonal outputs 
to be co-ordinated, to mutual benefit. In addition, he 
planned the raising of the height of the dam supplying 
the Fontes power house, which feeds Rio de Janeiro, 
thus greatly increasing the available storage capacity. 
Further, he arranged to perforate the dam at a lower 
level than that of the former penstock intakes, thus 
tapping some 30 million cubic metres of water, which 
have been harnessed to drive three turbines of 48,000 
h.p. Many other hydro-electric projects in Brazil owe 
much to Mr. Billings’s engineering skill, foresight and 
initiative. The Brazilian Government has awarded 
him one of their highest honours—the Order of the 
Southern Cross. 





TRANSMISSION of Power: from p. 229. 


since there is a long way to go, some fundamental 
research would be desirable in the early stages. 

The time required for this development before 
orders for d.c. power transmission equipment could 
be accepted on a commercial scale will depend on 
how much experience the manufacturer already has, 
and the effort that is put into the development pro- 
gramme. In general it will take a few years. By this 
time a.c. lines of 400 kV will most probably be in 
service and the series capacitor will have entered 
the realm of practical application. The economic 
comparison given here none the less covers the 
innovations. Any new knowledge accruing from the 
Tidd tests on insulation requirements for extra high 
voltage lines will most probably affect both systems 
in the same way and to the same extent. The funda- 
mental facts that d.c. needs two conductors per circuit 
instead of three, that the effective value of the d.c. 
working voltage relative to earth is 1.41 times the a.c. 
value, and that d.c. lines are not restricted by the line 
inductance in relation to either power per circuit or 
distance, will remain. 
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Pumped Storage Stations 


By Dr. ARTHUR KOEPCHEN. A description of some 
European hydro-electric plants utilizing the advantages offered 
by a system whereby water is passed twice through the turbines. 





Les usines hydro-électriques souffrent souvent du fait 


que labondance naturelle de l'eau ne coincide pas 
avec la courbe de charge. Cet article décrit plusieurs 
usines d'Europe qui fonctionnent comme centrales 
d’emmagasinage ou leau est amenée a la pompe. 
L’eau passe ainsi deux fois a travers les turbines. 
L’auteur traite de centrales hydro-électriques reliées 
ad un réseau commun et qui peuvent étre mises en 
route automatiquement aux moments de pointe ou 
dans le cas d’interruptions de distribution, contribuant 
ainsi ala stireté du réseau. 


Muy frecuentemente las instalaciones hidro-eléctricas 
ofrecen la desventaja de que la disponibilidad natural 
maxima de agua difiere de la curva de carga. En 
este articulo se facilita una descripcién de varias 
instalaciones europeas de energia hidrdulica que 
actuan como estaciones de captacién bombada, 
Valiéndose de este sistema el agua pasa dos veces a 
través de las turbinas. El autor versa sobre estaciones 
conectadas a una red comin, la cual puede ser puesta 
automaticamente en servicio en periodos de carga 
elevada o en casos de interrupciones de servicio, 
contribuyendo en esta forma a dar seguridad en 
materia de suministros de energia eléctrica. 








HE general adoption of three-phase a.c. systems 
made possible the transfer of electric loads over 
greater distances, and the economic operation of 
stations at widely separated points, with differing 
conditions of fuel in the case of thermal stations, and 
of hydraulic input in the case of hydro-electric plants. 
The cost of fuel transportation by rail was avoided 
in certain cases by the location of the thermal stations 
in the vicinity of coal production and fuel, for example 
brown coal became economically usable in relation to 
the remainder of the power producing plant in the 
inter-connected area. By the mingling of load from 
areas with diverse requirements and differing peak 
times and seasons, the Rheinisch-Westfalisches 
Elektrizitaétswerk at Essen in the Ruhr, the largest 
European electricity supply authority, reached a very 
large measure of equalisation of the load curve, and 
achieved for many power stations, a figure of 6,000 
working hours per year, in comparison with the widely 
different figures previously obtainable from the in- 
dividual power plants without inter-connection. In 
general, the working hours per year achieved under 
different conditions were as follows:— 
For a middle size town, 
single shift station ... about 2,400 hours a year. 
For a large size town, 
single shift station 
For a station remote from 
the load, partially inter- 
connected tae 
For the large scale inter- 
connected network of 
the R.W.E. . about 6,000 hours a year. 
Turning now to the specific bearing of hydro-electric 
installations, and in particular pumped-storage plants, 
on the economic utilisation of power producing 
machinery, it must first be noted that hydro-electric 
plants have the great disadvantage that the growth of 
natural availability of water power generally diverges 
from the net load curve. In particular relationship 
to the R.W.E., and the neighbouring hydro-electric 
resources of that part of Europe, it should be noted 
that during the periods of highest consumption in 


about 3,300 hours a year. 


about 4,000 hours a year. 
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winter, the rivers in the Alps and in the lower regions 
offered the smallest hydro-electric output; and _ this 
output is uncertain during the drifting of ice. River- 
fiow stations working alone are not suitable for a 
continuous and safe supply of electricity to a town 
or large industrial works. 

The R.W.E. found by experience in Western and 
Southern Germany during two decades that full 
utilisation of such uncertain river-flow stations is only 
possible by large scale interconnection. A 220 kV net- 
work spread between the Alps and the North Sea over 
an area of about 800 km in length was necessary to 
achieve this interconnection. The South German and 
Alpine hydro stations work in parallel with the large 
thermal stations erected in the Cologne district, work- 
ing from the brown coal mined in that area, while the 
hard coal power stations in the Ruhr are also brought 
into service on the same network, the whole power 
output being controlled by a central load despatcher. 
The diagram shown in Fig. | compare the normal 
day’s load curves of some large towns with that of 
the R.W.E., and show the advantages presented by 
interconnected operation. 

A figure which gives an indication of the virtues of 
interconnection, and which must be borne in mind 
when pumped-storage is considered, is the factor of 
non-uniformity, i.e., the ratio of the smallest load to 
the highest load during a day. These are as follows 
for some particular stations:— 


R.W.E. Network 1 to 1.62 
Berlin a kee oc Soe 
Lwpeck ... ... «. « Leo 96S 
Mannheim | to 3.55 
Cologne I tw 5.7 


It will thus be seen that the peak problem, although 
to some extent overcome by interconnection on 4 
large scale, is still present, and it is clear that hydro- 
electric plant is of service to the power system 
designer. More than 25 years ago, the R.W.E.—who 
never saw their duty as lying in the direction of 
earning high dividends, but rather in serving their 
consumers with as cheap and reliable a supply of 
electricity as possible—started to use the Southern 
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German and Alpine hydro-electric potential because: 

(a) they wished to replace exhaustible coal 

supplies by inexhaustible water power, and 

(b) they had in mind an attempt to solve the 

peak problem, and to avoid provision of 

expensive plant utilised only for a small pro- 
portion of its working life. 

Accordingly they endeavoured to instal large 
storage basins at high altitudes for hydro power 
stations in the mountains. This being entirely apart 
from the river-flow stations on the Upper Rhine and 
the Aar, where the energy cannot be stored in any 
way. It was first intended, '°° 
if these schemes proved 
economical, to make use 
of the storage stations 
only during the day time; 
and, of course, for pro- 
duction of power during 
the winter seasons. They 
were intended to retain 
the flood of the big rivers 
which came down during 
the melting of snow, and = gy 
hold it until next winter, 
hence to change the  3(- 
greatest flow of water 
and run-off from summer 20 
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to winter. If a whole | 
river, including the river- — 0 } t t 
flow stations lower down, | | 
a ° ha | i | 
were developed in this b or a we 


fashion much more energy 
could be obtained than if 
there were no. storage 
facilities. 

Results of such measures in relation to two Alpine 
rivers can be seen from the following table:— 


HOURS 
Fig. 1. Normal day's 
load curve 


Ill river in Voralberg from its source to its confluence with the Rhine 


1,037 millions 


winter 1,080 





In connection with the first installation of pumped- 
storage plant at the Hausern power station, the fol- 
lowing figures will be of interest: — 

TYPE OF GENERATORS: Four turbo-generator sets 
each 28,500 kW (total 114,000 kW). 

Pumps: Four pumps absorbing 20,000 kW (total 
80,000 kW). 

If the overall cost of the pondage, tunnel and piping 
and power station plant is taken as a figure of 100, 
the cost of the pumping plant and accessories is 17.8. 

During the years 1933-1948 the input energy to the 
pumps averaged a yearly figure of 179,367,500 kWh, 
while the energy recovered from the pumping opera- 
tion during re-generation was 96,999,500 kWh, thus 
giving an average yearly efficiency of 54 per cent. 

Further figures relating to the cost of pumping are 
based on a kWh price of 0.8 pfg. as the full prime 
cost of hydro-electric current generated by a river- 
flow station, which is roughly equivalent to the cost 
of coal at a brown coal power station. The cost 
deciding this figure of energy for pumping was taken 
as 1 pfg. per kWh, while the cost of energy at the 
power station, in relation to that portion of the output 
delivered by the return of the water previously 
pumped, was 2.86 pfg. per kWh. Considerations 
which were not included when these figures were pre- 
pared, were those which related to the cheap wasted 
current generated by water at power stations with no 
pumping facilities during the night time, and on 
Sundays. 

Hydro-power stations equipped with storage facili- 
ties which have a natural inflow of water, have 
primarily the task of securing water for the higher 
winter load; although, of course, their utilization in 
the case of service interruptions, or other irregularities 
is not included. The Herdecke pumped-storage plant, 
where there is no natural inflow, has another task. 

The pumped-storage plant near Herdecke is in the 
vicinity of the town of 
Hagen at the side of the 
Ruhr, which was dammed 


- - Obtainable kWh a year without storage 
peak ped Thereof during summer 823 Wh ,, , ” to form a lake near Ruhr- 
- winter 214 kWh verband for the purpose of 
WITH Obtainable kWh 1,544 millions a year with storage a control, and - eg 
STORAGE Thereof during summer 884 eae " at the same time, as a tail 
. ue winter 660 kWh (+208°.) water basin. It is situated 
, , . 160 metres above sea level 
Lech river from its source up to its estuary on. the he: of the Andey 
WITHOUT ——— kWh gt millions 7 year without storage mountains which rise from 
STORAGE eS a | ” ” ” the bank of the lake. More 
* winter 542 kWh aa . 
than one million cubic 
WITH { Obtainable kWh 2,519 millions a year with storage metres of rock had to be 
STORAGE l Thereof during summer 1,439 ~ aa 7 is blasted in order to obtain a 


Future plans for ‘the R.W.E. grid system include 
many hydro-electric developments in which storage 
plays a large part. The two completed upper stations 
at Hausern and Witznau are already equipped with 
pumps for lifting water from the tailrace basin to the 
head basin for re-issue through the turbines when 
required. Pumps will also be installed in the third 
station at Waldshut, so that in an extremely long and 
dry season water from the Rhine can be pumped up 
from the tail water basin, that is the tailrace of the 
Albruck—Dogern Rhine Power Station to the Schluch- 
see, the level of which is about 600 metres higher. 

At the Voralberger Illwerke regeneration facilities 
were also provided, and projects being developed in 
the Tyrol are also equipped with plant of this type. 
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basin which could hold 1.6 
million cubic metres of water. The overall dimensions 
of the oval shaped basin are 510 x 210 metres. 
There are two pipeways, each with two pipes, 
having a diameter of 3.20 metres at the head and 
2.55 metres at the tail end. Automatic stop valves are 
installed in valve chambers at the head of the pipes, 
and in the power house. This building which has a 
length of 160 metres, and a width of 20 metres, con- 
tains four machines, three of which consist of a 
turbine generator and pump, while the fourth set is 
operated without a pump. The generators work as 
motors when the pumping operations are in progress. 
The pumps, with a capacity of 35,000 h.p. each, are 
the largest ever built; they have an output of 14.6 cubic 
metres a second, and are thus able to fill the head 
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water basin during the 19 night hours. The four 
turbines have a total capacity of 140,000 kW, and 
can produce about 580,000 kWh of “high grade” 
peak energy a day during 4.2 hours of full load 
operation. 

Seven transformers with a total capacity of 282,000 
kVA are installed in a switching station situated 
immediately behind the power house, which together 
with the metering equipment and the 100 kV distribu- 
tion network connections, comprise the electrical side 
of the power house plant. 

The whole plant is very largely run without manual 
attendance by means of auxiliary relays and con- 
trollers operated from a central switch room. It is 
possible, for instance, to start a turbine set auto- 
matically by means of a push-button in this control 
centre. After two minutes the set is able to deliver 
current to the network. A separate control line, apart 
from high frequency superimposed communication 
circuits and normal telephone lines, has been installed 
between the main switching office at Brauweiler where 
the central load despatcher of the R.W.E. has his 
office. 

The purpose of the Herdecke plant is to serve as a 
momentary reserve in case of service interruptions, 
apart from levelling small non-uniformities as they 
occur daily in the load curve. This is done by pump- 
ing not only during the night time, but also frequently 
at noon. Destruction of a main transmission line from 
the South (which frequently occurred during the war 
as a result of air raids), and the failure of a 50,000 
kW turbo-alternator elsewhere, have often happened 
without the consumers being aware of any untoward 
incident because the Herdecke station was able to take 
over quickly. 

The Herdecke pumped-storage plant, and the 
whole of the interconnected R.W.E. grid system were 
severely tested during the air raids of the late war. 
Recently there was another test when a severe water 
shortage in the South made power stations in the 
area rely on the R.W.E. interconnected system. For 
instance, on January 10, 1949, 5,305,000 kWh were 
delivered from the R.W.E. network to Bavaria, 
Wurtemberg, and Baden as an emergency supply. The 
majority of this energy 


was delivered without any cynnent pnee 


contractual liability todo , A HYDRO PEAK 
so. Without prejudice to & as PLANTS 
° . . ~ AAS 
its normal supply in the | |, nid 4 WA , 

t \ “~ 


North the R.W.E. during ae a Oe 
that day delivered WA ’ 
8,856,000 kWh at a peak 1 FROM RIVER“FLOW \ 
load of 514,000 kW to kf STATIONS 
South Germany, includ- | 
ing a supply to France. 
The storage plants and 
the pump storage prin- 
ciples had an important 
share in procuring this 
very high output. The 
safety of supplies secured 
by the use of these prin- 
ciples has a value which 
cannot be accurately | 
assessed. 0 4 8 2 6 2 24 
The cost problem of een 
pumped-storage plans is 
not the principal one to 
be considered in_ the 
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Fig. 2. Influences of 
pumping current 
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planning of hydro-electric systems. It is more im. 

portant to consider the great advantages which are 

offered by such stations. These may be summarised 
as follows: 

(a) To utilise all peak energy (i.e., that which js 
available during night time and on Sundays) and 
to transform it into a high grade day-time peak 
energy. 

(b) To assist in running thermal stations under 
optimum fashion (i.e., at a uniform load during 
the 24 hours). 

(c) To have a momentary reserve at any time, thus 
increasing by a very great measure the reliability 
of the whole service. { 

Figure 2 shows the influences of pumping current 
on the operation of the R.W.E. as a whole, on Decem- 
ber 18, 1935. 

In explanation of the curve shown in Figure 2 it 
will be noticed that the dotted line indicates the load 
required by consumers. Owing to mingling of loads 
with varying peak incidents over a large area the 
factor of non-uniformity (i.e., ratio of greatest to 
smallest load) is only 1 to 1.6. To deal with this load, 
at first the river-fiow stations in the south (Switzer- 
land, Baden, Wurtemberg) and in the Rhineland, as 
far as they are connected with the R.W.E. network, 
are fully utilized; then the thermal stations operating 
with uniform loads are brought in. The brown coal 
stations have priority over the hard coal stations. 
Finally, the peaks are covered by storage plants, and 
pumped-storage plants. 

The utilization of the still untapped sources of water 
power in the Alps, estimated at 80 billions of kWh 
a year, may be the fundamental problem which 
Europe has to face in finding an everlasting source of 
energy. In Great Britain, where hydro power exists 
only to a small extent, the solution of the peak prob- 
lem beyond the resources of the thermal power 
stations will become of more and more importance, 
and may lead to the utilization of the tides. Engineers 
who have schemed such tidal power stations, for 
instance, that connected with the Severn Barrage 
scheme, have always attached great value to a uniform 
production of energy, and have, therefore, provided 
for large and expensive storage reservoirs to be used 
at different times. There are only a few places offering 
suitable geographical conditions for such purposes, 
thus the proposed tidal stations would be too ex- 
pensive. It must be taken into consideration, however, 
that adaptation of the energy output offered by tidal 
power stations to the load curve of the network can 
be achieved in principle also by pumped-storage 
plants spread over the country. It is possible that they 
could be erected in parts of Wales and Scotland. 
These stations would help to meet the demand for 
safety first in power supplies. 


THe English Electric Company has recently issued 
a brochure describing the various apprenticeship 
schemes operating in their works. There are many 
references to the major hydro-electric schemes with 
which the company is associated, showing the oppor- 
tunities which exist for young men to find a career in 
this ever expanding branch of power engineering. In 
our last issue we referred to some of the challenges 
that faced energetic young men with ambition—these 
apprenticeship schemes are the first rungs of the ladder 
up which those who accept the challenges have‘ to climb. 


1949 











the 
75, 
ele 
cer 


Ea 
fee 
rivi 
an 
to 

riv 
14( 
sal 
uti 
gre 
30. 





mmiarised 


which is 
days) and 
ime peak 


NS under 
id during 


ime, thus 
‘eliability 


2 current 
1 Decem- 


yure 2 it 
the load 
of loads 
area the 
atest to 
his load, 
Switzer- 
land, as 
1etwork, 
perating 
wn coal 
stations, 
nts, and 


of water 
of kWh 

which 
urce of 
r exists 
kK prob- 
power 
rtance, 
gineers 
ns, for 
3arrage 
niform 
‘Ovided 
ve used 
fFering 
rposes, 
00 eX- 
weve;r, 
y tidal 
rk can 
torage 
it they 
ytland. 
id for 


issued 
-eship 
many 

with 
ppor- 
eer In 
ig. In 
enges 
these 
adder 
limb. 


1949 





more im. 
Which are 


By C. F. GRUNDY, M.Eng., M.I.C.E., 
(Chief Civil Engineer, the Cementation Co., 
Ltd.) A pictorial survey of construction in 
Northern Eire. 


N February, 1946, work began on the hydro-electric 
Pie emena of the River Erne in Northern Eire. 

Existing hydro-electric capacity in Eire is 138,000 
kVA all centred on the rivers Shannon and Liffey; 
the generating capacity of the present scheme will be 
75,000 kVA bringing the total generated hydro- 
electric capacity of Eire to 213,000 kVA, some 62 per 
cent. of the country’s total power production. 

The Erne, which rises twenty-five miles from the 
East coast of Eire, has an average flow of 3,900 second 
feet and a flood discharge of 11,000 second feet. The 
river runs through two lakes at Upper Lough Erne 
and Lower Lough Erne. From Lower Lough Erne 
to the sea is a distance of four miles in which the 
river falls about 140 feet. The harnessing of this 
140-foot head entails two separate projects under the 
same general scheme. The Upper scheme at Cliffe 
utilises a head of 40 feet with the construction of a 
gravity dam 60 feet high, 600 feet long and containing 
30,000 cubic yards of concrete. The power station is 
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The Cathaleen Falls Site 


The Erne Development Scheme 


built into the dam and consists of two Kaplan turbines 
coupled to 12,500 kVA generators. Three crest gates 
20 feet wide and 31 feet 8 inches high are operated 
electrically to control flood discharge. 

At Cathaleen Falls, the second and larger project 
is under construction. Here the 100 feet head involves 
the construction of a dam 90 feet high, 1,000 feet 
long and incorporating 75,000 cubic yards of concrete. 
For the present, the power station will comprise two 
25,000 kVA generators connected to Kaplan turbines. 
Provision has been made for a third set to be installed 
at a later date. 

Apart from the dams and power stations, several 
miles of new roads have had to be constructed 
through the flooding of existing roads, and an earth 
bank 3,000 feet long, 30 feet high is required to protect 
an adjoining railway. Total quantities involved in the 
whole scheme are: 

Earth excavation and filling . 
Rock excavation 500,000 cu. yds. 
Concrete ' ' ‘ . 200,000 cu. yds. 

No suitable supplies of aggregate for concrete occur 
in the vicinity and both coarse and fine aggregates 
have been manufactured from the limestone excavated 
from the tail race and power house foundations at 
Cathaleen Site; a small quantity of natural sand has 
been imported for concrete on the water faces. 


200,000 cu. yds. 








The construction layout ts 
planned to allow of the mech- 
anical handling of the rock ex- 
cavation from blasting until it is 
used for the concrete required on ¢. 
the contract. Fig. | shows the ey A: , “en i 
excavation in progress for the i - : 
power station in the river bed. 
Taken in three 20 feet deep stages 
to a final depth of 60 feet, the 
rock is drilled by wagon drills 
with 2 inch holes at about 5 feet 
centres, the holes being loaded 
with 50 per cent. polar gelignite 
and detonated by cordeau fuse. 
The spoil is handled by | cu. yd. 
scraper bucket operated by 3-drum 
haulers, delivering the material 


into a 45° slope shaft which feeds a 4 cu. yd. capacity éd 
skip hoist to be seen at the right background of Fig. 1. 
Fig. 1 (top left): Fig. 2 shows the skip hoist with the skip discharging 
Excavation into a small bin feeding on to a 26 inch conveyor. 
Fig. 3 is a general view of this conveyor feeding the 
Fig. 2 (top right): crushing plant with the aggregate storage bins and 


Skip hoist concrete mixing plant in the background. The river 
diversion can be seen in the foreground. 
a Fig. 3 (above): The crushing plant is illustrated in Figs. 4, 5, 6 and 
Conveyor 7. Material from the power house and tail race ex- p 
\ eS cavations with additional provision for feeding by o 
NRW Coca Fig. 4 (left): wagons is fed into two 30 in. x 18 in. jaw crushers; Eo 
> . Crusher after primary screening of 3 in. and 14 in. material ee 
by a scalping screen, secondary breaking is accom- -< 
plished by rotary hammer pulverisers, the material , 
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Fig. 5 (right): Scalping screen and pulverisers. 


Fig. 6 (left): Vibratory screens. 


Fig. 7 (below): General view of crushing and screening 
plant. 
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Fig. 8 (top): Conveyors feeding aggregate storage bins. 
Fig. 9 (centre): Contractors’ yard with main line siding. 
Fig. 10(bottom): One of the reinforced concrete spirals. 


then being conve; to two three-deck vibratory 
screens where it is washed by air and water jets. 
Provision is made for returning various sizes of 
material to a second pulveriser for the manufacture 
of “sand” or fine aggregates under } in. size. In the 
background of Fig. 7 can be seen the contraflow 
washer and dewatering elevator for handling the 
natural sand brought in by lorries. 

From the screening plant the five sizes of aggregate, 
3 in. 14 in., 14 in. — }in., in. — }in., din. down 
crushed limestone and natural sand are delivered by 
conveyors to steel storage bins having a total live 
capacity of 5,000 tons, the material then being drawn 
off in tunneis underneath as required to feed either 
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of two | cu. yd. concrete mixers 
in a concrete mixing plant 
which can be seen at the left- 
hand side of the storage bins 
in Fig. 8. 

Cement is delivered in bulk 
in rail cars to the contract 
siding (Fig. 9) and is blown by 
compressed air a distance of 
3,000 feet to the two cement 
silos each of 300-ton capacity 
located between the mixing 
plant and the aggregate storage 
bins. Concrete proportions vary 
from 3 in. maximum size con- 
taining 330 Ibs. cement per 
cubic yard in mass concrete 
work to 560 Ibs. per cubic yard 
with } in. aggregate in heavily 
reinforced work, and is de- 
livered to the placing points in 
1 cu. yd. bottom discharge 
buckets on bogies at Cathaleen 
site and in 3 cu. yd. lorry loads 
to a remixer at the Cliffe Dam 
and Power Station site four 
miles away. 


Fig. 11 (above} and Fig. 12 
(below): Reinforced concrete 
work in connection with the 
water turbines 





The shuttering for the con- 
crete has all been designed in 
detail and prefabricated to the 
maximum extent in site work- 
shops, leaving the minimum of 
work on the site. Typical 
examples of the finished work 
are shown in Fig. 10, a view 
of one of the intakes at Cliffe 
power station taken from the 
spiral; Fig. 11 of the spiral to 
the turbine built in reinforced 
concrete; Fig. 12 taken inside 
one of the draught tubes look- 
ing out; and Fig. 13 from the 
mouth of a draught tube look- 
ing in. Fig. 14 is a general view 
of the Cliffe works from the 
front with the intake in the 
foreground, the power station 
building behind and the spill- 
way structure in its early stages 


Fig. 13 (above): Looking in to 
the draught tube. Fig. 14 
(below): General view of 
works at Cliffe 
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on the right. Fig. 15 is a view 
of the dam at Cathaleen under 
construction showing the four- 
feet lifts and untouched 
concrete faces; on the extreme 
right is the spillway. 

General construction of the 
Cliffe Dam and Power Station 
was by derricks located at suit- 
able points, but at Cathaleen 
the site was more suitable for 
a gantry commanding the 1,100 
feet length of the dam from 
which 2 No. 5-ton travelling 
derricks can operate. Fig. 16 
illustrates the gantry with the 
intake works in the dam 
structure in the immediate 
foreground. 

Control of the river has been 
obtained by diversion channels 
with concrete cofferdams, in 
most cases adequate to carry 
the maximum flood of 11,000 
cu. secs. An aerial view of 
Cathaleen Falls site (page 235) 
showing the river diversion on 
the left of the old river channel 
with a further diversion for the 
tail race channel construction 
almost completed on the left 
foreground. The construction 
of the gantry and dam can be 
seen in the middle of the 
picture with the power house 
excavation in front, and on the 
left one of the spillway pools 
is taking shape. The staff 
quarters and workmen’s camp 
can be seen on the left-hand 
corner. 

To obtain the maximum 
head development a tail race 
channel 50 ft. by 25 ft. deep 
has been excavated in the river 
bed for the power station to 
the Assaroe Falls at the mouth 
of the river, a total length of 
4,000 feet. One section of this 
channel in solid limestone rock 
passes through the town of 
Ballyshannon. The excavation 
and blasting of the rock in 
the proximity of buildings 
and with the townspeople en- 
gaged on their ordinary work 
within a few hundred feet has 
been a delicate and difficult 
task. The final and successful 
method adopted was to drill 
vertical holes at 6 ft. centres 
with wagon drills and, with 
the aid of mnillisec. delay 


Fig. 15 (above): The dam at 
Cathaleen Fails. The concrete 
faces are untouched. Fig. 16 
(below): The gantry over the 
dam and intake works 
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Fig. 17 (above): The temporary cofferdam and overflow 


gates. Fig. 18 (below): The river diversion? 


detonators fire a complete round, advancing the full 
face of the excavation about 6 ft. daily. A blasting 
net over the round prevented anything but a few 
stones from escaping, and other than an occasional 
window and roof tile no harm was done. Vertical line 
holes at | ft. centres have been drilled before blasting 
at each side of the channel to ensure a smooth face 
to the excavation. Figs. 17 and 18 are views of the 
completed channel with a temporary cofferdam and 
overflow gates leading from an upstream section in 
gravel which is being excavated under-water by a 
| cu. yd. excavator fitted with a special bucket arm 
and mounted on a pontoon. The excavator can be 
seen in the right-hand background of Fig. 17 with a 
drilling pontoon for rock underlying the gravel imme- 
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diately behind the temporary cofferdam. 

The whole of the engineering works of the scheme 
have been designed by the technical staff of the 
Electricity Supply Board. The Chief Engineer to the 
Electricity Supply Board is Mr. P. J. Murphy: the 
civil engineering works of the scheme have been 
designed under the supervision of Mr. J. MacDonald, 
the Chief Civil Engineer to the Board. Mr. V. Harty 
is the Resident Engineer on site. 

The contractor for the civil engineering works is 
the Cementation Company Ltd. of Doncaster: the 
turbines for Cliffe Power Station are being provided 
by Charmilles, Switzerland, and the generators by 
Brown Boveri, Switzerland; the turbines for Catha- 
leen Power Station are being supplied by K.M.W., 
Sweden, and the generators by A.S.E.A., Sweden, who 
are also supplying the switchgear for both power 
stations. 
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in South 


Notre correspondant spécial a récemment visité quatre 
des pays de l’Amerique du Sud, et il a obtenu des 
renseignements de premiére main sur leur programme 
probable de développement électrique. Ci-dessous, a 
[usage des ingénieurs hydro-électriciens, quelques 
notes sur l’Argentine, (Uruguay, le Brésil et le 
Venezuela. Les ressources potentielles des quatre 
pays apparaissent considérables et sont actueliement 
exploitées—a l'exception jusqu’ici du Brésil—par des 
Offices Nationaux qui ont le sens exact de leurs 
responsibilités envers le public. 


Future of Hydro-electric development 


A report assembled by a hydro-electric engineer 
familiar with conditions in South America from 
recent reports by our correspondents. 








America 





Recientemente nuestro corresponsal especial visito 
cuatro paises Sud Americanos y llevo detalles directos 
de sus probables programas de desarroilo de energia. 
Se reproducen algunas notas relacionadas con la 
Argentina, el Uruguay, Brasil y Venezuela como 
editorial de interés para ingenieros hidro-eléctricos. 
Se pone de manifiesto que las posibilidades de energia 
de los cuatro paises referidos es de importancia con- 
siderable y, con la excepcion, hasta el presente, del 
Brasil, estan siendo desarrolladas por corporaciones 
publicas completamente compenetradas de sus obli- 
gaciones para los habitantes de sus paises respectivos. 





HERE are two main physical features in the 

South American Continent which influence the 

availability of water power: one is the Andes 
stretching from the southernmost tip along the west 
side and up to the south western frontier of Venezuela; 
and the other the undulating Brazilian table-land 
which drops sharply down to the narrow coastal belt 
at sea level. 

Compared with most European countries and 
North America, all the Republics of Latin America 
are backward in their electrical development, having 
a consumption of the order of 150/200 units per head 
of population as compared with say 900 in Great 
Britain. Now without suggesting that the consump- 
tion will approach that of a heavily industrialised 
country like Britain, it is nevertheless clear that there 
is room for considerable development. 

The natural resources for power production are 
in the main, hydro-electric. Coal deposits such as 
those in the Rio Grande do Sul of Brazil are fairly 
small and of poor quality. Oil is of course abundant 
in Venezuela together with its companion natural gas 
but elsewhere the potential oil deposits, such as those 
in north eastern Brazil, are practically undeveloped 
and would require many years of preliminary work 
before they could be commissioned, always assuming 
that the alleged deposits do actually exist. 

Recently four of the South American countries 
were visited and first hand information was obtained 
as to their probable power development programmes. 
Some notes on each of the countries are given here as 
a matter of interest to hydro-electric engineers. 


ARGENTINE.—At present imported coal and oil, 
local wood and hydro-power are the sources of 
electrical energy. Imported fuels are always expensive 
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and are subject to the vagaries of the times: war, 
strikes or other disturbances, thus no country willingly 
accepts such limitations if they can be avoided. Wood, 
like coal, is a wasting asset and is very strictly limited. 
The effect of reckless destruction of trees on soil 
erosion is too well known to need emphasis and 
furthermore the increase in grate-area and overall 
boiler size that is necessary to burn wood makes the 
proposition unattractive both for large power pro- 
duction and railway use. 

Faced with this situation, Argentine has naturally 
turned to water power. In the past few years thorough 
surveys of potential sites have been made and a 
schedule of the more attractive ones prepared by the 
Government. The list covers 45 stations with installed 
capacities ranging from one MW to over 80 MW and, 
of course, with a wide variety of heads. Half of these 
stations are located in the three provinces of Rio 
Negro, Cordoba and Catamarca the remainder being 
scattered over ten other provinces. 

The engineering behind these schemes appeared to 
be of a high order and there is no doubt that an 
increase in installed capacity is absolutely essential 
to avoid a continuance of the compulsory power 
rationing that occurred this winter. 

One particular site, in the Cordoba hills, will serve 
as an example of the soundness of the engineering 
practice. A dam was seen being erected across a 
narrow gorge. The intake tunnel was under way and 
at both good modern earth handling plant was in use. 
The station, which could have been located in four 
different places, was so placed in a slight back-water 
that the effect of tail water variation could be mini- 
mised by a cheap weir if necessary. Sound rock was 
clearly visible and the surge tank and pipe track gave 
every evidence of requiring extremely little work to 
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Aerial view of dam, storage lake and power station 
at Rincon de Bonete on the Rio Negro, Uruguay 


make them satisfactory. Not more than about half a 
mile of new road was needed to give full access to the 
site. The only serious difficulty was in finding a suit- 
able place for the transforming and switching station. 
The river here runs in a steep-sided gorge and the 
maximum flood level recorded makes it necessary to 
go quite 40 feet above the normal high water. Here 
too the most reasonable solution was being considered 

namely air-blast circuit-breakers on top of the 
power-house, leaving only the transformer foundations 
to be blasted out of the rock. 

It should be pointed out that all hydro-electric 
development in the Argentine is controlled by the 
Government. 


URUGUAY.—Immediately adjacent to the Argentine 
is the territorially small Republic of Uruguay. This 
is a relatively flat country having two major rivers: 
the Rio Negro which is the last large tributary of the 
second, the Rio Uruguay. To get any power from 
these rivers extensive dams and the flooding of large 
areas are necessary. The most promising site is the 
Salto Grande on the Uruguay where at least 8300 MW 
of plant could satisfactorily be installed to operate 
under 30/80 ft. head. 

Politically, however, the situation is somewhat 
complex. The Rio Uruguay forms the boundary be- 
tween the two Republics and just in the neighbour- 
hood of the proposed station site the international 
boundary has never been clearly established. Now 
naturally the station would have to be built by both 
countries in partnership (as the Rhine stations be- 
tween Switzerland and Germany) but unfortunately 


244 


WATER POWER November-December 








Paulo Afonso Falls, Rio Sao Francisco, Brazil 
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a deadlock has arisen over the boundary question 
and until this is settled no further steps can be taken. 
It is unfortunate, from an engineering standpoint, 
that neither side seems prepared to compromise and 
informed observers expressed the opinion that the 
scheme may be postponed 8 or 10 years as a result. 
Development of the Rio Negro on the other hand 
has already started. The first station, at Rincon-del- 
Bonete, was completed at the end of 1948 after many 
vicissitudes. Started in 1936/7 by a German group of 
engineers the war intervened and frustrated any 
attempt to deliver the machinery from Germany (the 
dam was practically complete). As a consequence the 
generator sets were built in North America. Operating 
between 55 feet and 100 feet a fairly wide range of 
head, with 65 feet as the design figure, the four 30,000 
kW units were chosen of the Kaplan type running at 
125 r.p.m. Now natural developments have made the 
Kaplan essentially a European development in water 
power engineering and in 1940 the Americans had 
not such a wide experience of large Kaplan units as 
the Germans. When the plant was visited it was found 
that there had been a more than usually large number 
of “ teething ” troubles and, most of all, fairly severe 
cavitation is being experienced. To the disappoint- 
ment of the local engineers, they found also that they 
were unable to obtain air-blast circuit-breakers as 
they had originally specified and had to be content 
with the “ oil poor ” type. At the time of the visit no 
trouble had been experienced with these 160 kV 
2,000 MVA breakers, though equally they had not 
had any severe duties to perform. 
Below the Rincon site are three further sites having 





Falls on the Rio Caroni, Venezuela 
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the following preliminary characteristics which, in- 
cidentally, suggest the probability of further Kaplans 
being used: 


Name Head, ft. Total Output MW 
Balgorria . . 55 85 
Paso del Puerto 65 140 
Yapeyu... 50 | 110 


It is thus clear that even in what is at first sight 
unpromising country there is a lot of important 
hydro-electric work proceeding. 

It is at present envisaged that the next site—the first 
in the above list—will be developed and commissioned 
by 1955/6. In the meantime, to meet the rapidly 
growing electrical load, the steam station in the capital 
will have to be extended. 

At the moment the Bonete station has been designed 
by, and is operated on behalf of, the Government 
power department (U.T.E.) by the Rione organisation. 
Plans are in hand, however, to found a Water Power 
Board, charged with the development of the Rio 
Negro and later the Rio Uruguay, which will be a 
division of the Ministry of Public Works. 


BRAZIL.—To the north of Uruguay we have the 
vast territories of the Brazilian Confederation. With 
its population of 48 million and territories covering 
3.3 million square miles this country embraces nearly 
one half of the South American continent and includes 
approximately half of the total population. 

Covering thirty-eight times the area of Great Britain 
and yet with only the same total population, electricity 
supply is a question of great complexity because of 
the low density of the population—the ten principal 
cities include only about 54 million persons within 
their boundaries. 

No reliable statistics of installed generating plant 
and output of electrical engery exist, but the estimates 
put these as low as 2 million kilowatts and 8 million 
units of which roughly three-quarters are generated 
by hydro and the remainder by steam. Such a low 
consumption naturally indicates certain backwardness 
from the electrical standpoint, a condition that is 
admitted and appreciated in government circles. 

In the field of transport Brazil is a country of 
startling contrasts, having jumped from the ox-cart 
to aerial travel without the intermediate steps that 
occurred in the U.S. and most of Europe. There are 
indications that a sudden rapid advance will take 
place in electricity production. 

At the present moment the famous 260 feet falls of 
Paulo Afonso on the Rio Sao Francisco are being 
developed. Starting with a modest 120 MW of plant 
the ultimate development envisages 900 MW. Initially 
it is intended to transmit at high voltage over some 
350 miles of line to the two ports of Recife and 
Bahia, each with a population around 300,000, and 
to shut down the steam plants at the two places. The 
value of the remaining power appears at iirst sight 
questionable but the Federal Government’s intention 
appears to be to carry out a comprehensive scheme 
of irrigation over a wide area on both banks of the 
Sao Francisco, similar to that now being undertaken 
in the Columbia Valley at Grand Coulee. Such a 
scheme would turn what is now a vast desert track 
into fine fertile land. In passing it may be noted that 
experiments have been carried out which have proved 
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the fertility of the land given sufficient water. Thus 
the standard of life in this area will be raised appre- 
ciably. Later other stations on the Sao Francisco can 
and wiil be built. 

Turning now to the south east we have three states: 
Rio, Sao Paulo and Minas Gerais which are the most 
highly industrialised areas of the country and include 
the rich mining area of Minas, the Capital Rio de 
Janeiro, the important industrial city of Sao Paulo, 
the port of Santos and the big Volta Redonda steel 
works. 

Electricity supply in Rio and Sao Paulo is taken 
care of by the Brazil Traction Light and Power Co. 
Ltd., which has over three-quarter million kW of 
hydro plant located in three main stations, Fontes 
(1,100 feet), Ilha dos Pombos (105 feet), and Serra 
(2,300 feet), and several smaller stations. Two of these 
major stations use the natural features of a sharp 
drop in the level of the land to the coastal belt. Much 
more interesting hydraulically is the fact that in the 
Rio and Santos—Sao Paulo districts the rivers flow 
gently away from the sea through valleys in the table- 
lands. This has given rise to a particularly interesting 
hydro-electric development which is taking place at 
the present time: by pumping water from these rivers 
to artificial storage lakes at the top of the escarpment 
a big increase in capacity can be economically 
obtained. The pumped head ratio will be about 7.5: | 
for the Santa Cecilia—Lages group and as high as 
11:1 for the Pedreira—Serra arrangement. At Ped- 
reira one 6,000 and one 12,000 h.p. pump are already 
installed and in service and future units will be added 
soon. So successful has the experiment proved that 
work is well under way for the building of intake 
works, canals and pumping stations for the Santa 
Cecilia scheme. It is pleasing to note that this develop- 
ment work is being carried out by a company with a 
Canadian background. 

The mineral wealth of Brazil is barely touched. 
There are large deposits of manganese, iron ore and 
bauxite, as well as precious and semi-precious stones, 
and a great deal of this is concentrated in Minas State. 
Here much development can be expected in the near 
future. Plans are already under way for building a 
120 MW 185 ft. head station on the Paraopeba, a 
tributary of the Sao Francisco. Plans are also in hand 
for a 36 MW 75 ft. head Kaplan station in the State 
for railway electrification. 

Apart from State and Federal Government projects 
many private firms and individuals are turning to- 
wards such hydro-electric sites as will enable them 
to provide power for their factories, or to provide 
electricity for the local town or village. Comparatively 
long transmission lines, say 50 miles, are not con- 
sidered any bar to an otherwise suitable scheme. 

It is obvious therefore that Brazil is a particularly 
important area for the hydro-electric designer and 
engineer. 


VENEZUELA.—As already mentioned, Venezuela’s 
obvious source of electrical energy is from diesel 
engines or steam turbo sets operated off oil or gas 
fired boilers. The mineral resources of Venezuela, 
other than oil, are iron ore and gold. The former, as 
yet undeveloped, is now receiving attention from 
North American steel works and plans are well ahead 
for its exploitation. Located near Ciudad Bolivar on 
the Orinoco the site is some way from the oil fields 
and fairly inaccessible. Fortunately the Caroni River 
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meets the Orinoco near San Felix and the Caronj 
Falls are very attractive for power generation, 
American consulting engineers are at present work- 
ing out a project on behalf of the Government and 
present indications are that up to 300 MW could be 
economically produced under a head varying between 
100 and 130 ft. Not all of this capacity would be 
justified at once, even if the proposed 220 kV trans. 
mission line network linking up with steam plants at 
El Tigre and Barcelona were also built. On the other 
hand bauxite exists in large quantities in British 
Guiana and could be brought by barge to the coast, 
carried round to the Orinoco and up the river to the 
falls. If this scheme were developed then 300 MW 
could well be utilised and some interesting large 
Kaplan sets developed. 

The only other area having immediate potentialities 
would seem to be in the west in the Andes Range. 
At any rate one site on the Apure River has been 
explored and 25 MW or more of plant under roughly 
200 ft. head could easily be justified to give electricity 
to the somewhat isolated territories of Tachira state, 
particularly round San Cristobal. 


Conclusions 

Any engineer looking at these four countries must 
feel at once that the hydro-electric potentialities of 
Latin America are considerable. He would also feel 
that the individual countries are realising very fully 
their obligations to their peoples and except, so far, 
in Brazil, are placing in the hands of public corpora- 
tions the duty of properly developing the natural 
resources. 

The corporations in turn are gathering men who 
seem to be sound engineers though naturally not 
always trained in hydro-electric engineering. This is 
being overcome in two ways: by sending the men 
abroad, usually to the United States, for courses in 
various branches of hydro-electric engineering, and 
by seeking the advice both of foreign consultants and 
manufacturers, again largely North American. There 
is no anti-British bias, rather the contrary, but the 
United States have been understandably quick to seize 
the opportunities offered and, it must be admitted, 
have publicised their own comparable schemes and 
manufacturing ability in such a way that it comes as 
a surprise to the younger generation of engineers to 
learn that Great Britain is also a producer of first- 
rate hydro-electric plant of considerable size. 


Electricity for Lhasa 


The Calcutta correspondent of The Times reports 
that a British turbine engineering firm has under- 
taken the installation of a 600 kW hydro-electric 
plant in Lhasa, the Tibetan capital which lies on 
the river Kyi, a tributary of the Brahmaputra. The 
plant will be of a capacity to supply the needs of a 
town of 18,000 inhabitants, Lhasa’s population is 
30,000. 

The General Electric Company, Calcutta, has been 
invited by the Government of Tibet to distribute 
electricity to the town. Mr. J. E. Reid, an engineer 
of the G.E.C., is leaving Calcutta for Lhasa by in- 
vitation of the Government of Tibet. His journey to 
Lhasa will take 23 days and he hopes to be back in 
Calcutta at the end of January. 
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Construction Sites in Sweden 


By G. WESTERBERG, Swedish State Power Board. Problems at 
remote sites where hydro-electric projects are in hand; the need 
for high wages and abundant amenities are emphasized. 








Le recrutement de la main d’oeuvre pour les con- 
structions hydro-électriques sur des sites éloignés de 
tout centre, en Suede, pose divers problemes. L’ auteur 
de cet article est le Directeur en Chef des Services du 
Génie Civil a l'Electricité de Suéde; il reconnait la 
necessité de salaires élevés si l'on veut conserver les 
ouvriers toute l'année, aussi extréme soit lisolement 
et rude, le climat. Il étudie (’ habitat et la vie collective 
en général et souligne limportance d'un outillage et 
d'un materiel mécanique excellents pour des travaux 
qui se poursuivent normalement sans discontinuer 


jusqu’a leur fin. 


Algunos de los problemas relacionados con el 
reclutamiento de mano de obra para trabajos en 
sitios remotos de construcciones hidro-eléctricas en 
Suecia. El autor de este articulo es el director en jefe 
del departamento de ingenieria civil del Consejo de 
Energia del Estado Sueco y admite que tienen que 
pagarse sueldos elevados en los casos en que se 
deseen conservar los servicios de obreros experimen- 
tados durante la totalidad del ano, irrespectivamente 
de las condiciones climatéricas y de la soledad 
extremada del punto de trabajo. Discute la construc- 
cion de viviendas y la vida de la comunidad en 
general, y hace resaltar la importancia que tiene el 
equipar a los obreros con herramientas y mdquinas 
satisfactorias para los trabajos que bajo condiciones 
normales continuan sin interrupcion hasta la termina- 
cion del proyecto. 





HEN building power plants in remote parts 
W of Sweden there have been difficulties in the 

recruitment of qualified labour for the various 
tasks. Certainly, there are a great many people who 
would like to live in solitary places and who prefer 
solitude to society; as a rule these people however, 
are not so well suited for the constructional work on 
a power plant site. Skilled workmen are generally of 
such a type that they prefer to live in a community 
rather than in isolation. As a consequence it is not 
easy to find the labour force which is necessary for a 
large hydro-electric project in the wilderness. If the 
employer is to be successful in this he must hold out 
the prospect of certain advantages which would make 
the workmen overcome their aversion against solitude, 
and the hardships and difficulties of life at a remote 
site. 

The employer must realize that the wages ought to 
be fixed so high that the worker will be able to keep 
himself on the site; moreover he must have enough 
money left to send what is necessary for the sub- 
sistence of his family, which in most cases resides at 
another place. Out of his wages he should also be 
able to save up some money as a certain compensa- 
tion for his hard work under severe conditions. 

Even if the wages are high a feeling of dissatis- 
faction and tension makes itself felt at a construction 
site if families are absent and no opportunities exist 
for recreation. Therefore, on employing the labour 
force for certain hydro-electric construction sites in 
Sweden it is considered wise to include married as well 
as unmarried workmen. The workmen’s dwellings will 
consequently comprise houses for bachelors and 
family houses. In several cases the latter consist of 
houses which the workmen themselves erect from 
prefabricated material bought on the instalment 
system from the power plant enterprise. Thus the 
workmen gradually become owners of the houses and 
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can take these so-called “ tenant-owned homes ” with 
them to the next construction site. The workmen who 
are housed in the bachelors’ dwellings sometimes set 
up housekeeping together and engage a woman cook 
and assistant. 

When a settler-community includes a number of 
households with children it is, of course, necessary to 
provide for school education. This is sometimes 
arranged by free transportation of the children by 
bus to and from a school at another place. On big 
construction sites it has been found suitable to erect 
school buildings and to engage teachers. According 
to Swedish law the power plant builder has, under 
certain conditions, not to pay the costs for these 
buildings; they have then to be borne by the authority 
to which the power plant enterprise and the employees 
have to pay their communal rates and taxes. 

It is obvious that such a construction site requires 
stores, in which the workmen and their families can 
buy foodstuffs, clothing, shoes, and various household 
requisites. Usually it is not sufficient to have one 
store; it has been found best to erect at least two 
business buildings in order to create competition. 

The first tradesman to appear on a construction 
site is usually the kiosk keeper who sells newspapers, 
tobacco, fruits and sweets to begin with, but gradually 
extends his business to comprise the most varied 
kinds of goods. By and by there are established 
barber’s shops, ladies’ hairdressing rooms, tailoring 
business, shoemaker’s workshop, and sometimes also 
a fruit shop and a repair shop for bicycles. In a short 
time a community in miniature has sprung up. As a 
matter of course post office, telegraph office and tele- 
phone facilities have been provided already from the 
beginning. A very important detail in the community 
is the recreation hall, which is used for cinema and 
theatre performances, as well as for dancing. In some 
cases also the Sunday services are held in this hall. 
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Above: A corner of square 
showing the clean design of the 
post office, telegraph office and 
the bus terminal station 


Right: The first quickly erected 
Nissen-type huts for the housing 
of workmen 


Further, a library and accom- 
modation for study circles and 
hobby clubs are provided. 

A fairly large community 
also demands a police station, 
and a fire brigade. As the con- 
struction plant is situated far 
from larger communities, it is 
necessary to provide a cottage 
hospital, and in case of a large 
labour force a medical officer 
is kept busy. If the number of 
inhabitants in the community 
is small, it is sufficient to 
engage an attendant or a nurse. 
Of course an ambulance must 
be provided. A very important 
part of the construction plant 
is the laundry. 

On big construction sites a 
clergyman is usually engaged. 
In order to deal with matters 
affecting the social welfare of 
the inhabitants a special em- 
ployee, the curator, is engaged, 
who gives the employees advice 
and practical information and 
who takes care of some of the 
work relating to the adminis- 
tration of the community. 
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Some temporary dwellings for the married staffs and their families 
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It is practical to plan a community as a whole and 
to build it systematically from the beginning, as one 
knows what buildings and facilities are necessary and 
that the claims of the workmen gradually increase to 
such a degree that they must be met. In Sweden, the 
State Power Board has built two such communities 
in connection with the construction work of two big 
hydro-electric schemes, i.e. at Midskog and at Hars- 
pranget, the latter situated north of the Arctic Circle. 
The Board is now erecting a third one at Kilforsen. 

The costs for such a temporary community are, 
however, very high. Only the costs for roads, water 
supply and sewerage, and the electrical distribution 
amount to large sums. It is, however, obvious that 
the water distribution system 
and the quality of the water 


man disposing a total building space of ten square 
metres, amount to about 2,400 Swedish crowns for 
each man. 

The cost for housing a work- 


mau is, OM an average, 

estimated at’ - - - 3,700 Swedish crowns 
The cost for public buildings, 

roads, water supply system, 

sewerage system and 

electrical distribution system 

amount to - - - 1,800 Swedish crowns 


The estimated capital outlay 
per man thus amounts to - 5,500 Swedish crowns 
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various elements, such as pieces 
of walls, floors and ceilings, 
which usually can be handled 
by two men, are comparatively 
easily put together. This system 
permits disjointing for removal 
of the houses to another con- 


I 
2 Recreation building 
3 Stores 

4 Restaurant 


Mess building for staff 


5 School 


8 Fire-station 


6 Cottage hospital 9 Post office, telegraph 
7 Laundry and_ steam office, police station and 
baths bus terminal station 


Building plan for the community at Harsprdanget 





struction plant. 

Temporary community 
buildings have recently been 
erected which are prefabricated 

to a greater extent than is 

usually the case in Sweden. A 

house of two-room size, with 
kitchen, arrives on the con- »4 =, 
struction site in three parts, (+ 
painted on the inside and ~S 


outside, and provided with 
cooking-range, electric wires, 
water conduits and discharge 
pipes. The erection of such a 
house upon a foundation, which 
has been built previously, is } & 
executed in one day. As far as = 
can be judged these buildings : 


have turned out a success. 


1 Mess building for staff 
The costs for a temporary ; sui 


2 Recreation building 


family house of 2 to 2} room 3 Stores 
size and with kitchen amount 4 Restaurant 
5 School 


to 10,500 to 13,000 Swedish 
crowns. The costs for a 
bachelors’ dormitory, with four 
men in each room and each 


6 Cottage hospital 


Building 





Permanent dwellings for operating staff 
Temporary - » Staff 
- , workmen and their families 
se dormitories for bachelors 
Tenant-owned homes for workmen 


10 Administration build- 
ing 
11 Power station 


7 Laundry and steam baths 

8 Fire-station 

9 Post office, telegraph 
office, police station and 
bus terminal station 


plan for the community at Kilforsen 
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All houses were pre-fabricated. 
The walls, roofs and ceilings 
arrived in large sections whick 
were assembled on site. The 
kiosk (left) was the first busi- 
ness building to be erected and 
judging by the photograph, is 
popular with all ages 


Left: A permanent dwelling 
for the operating staff 

Bottom left: A typical dwelling 
—married staff with families 
Below: One of the dormitories 


which accommodate 28 men 
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This amount refers to the direct capital expenditures 
calculated per man, but to this sum must be added 
certain indirect costs and operation costs. Thus there 
is a considerable overhead cost, in addition to the 
wages, for each individual worker at a construction 
plant situated in the wilderness. 

From an economical point of view it is therefore 
of great importance that one tries to limit the labour 
force at these construction plants to the smallest 
possible number. This could be attained by selecting 
the labour force rigorously so that only workmen 
quite suitable for such work are employed; this is, 
however, a very difficult task to accomplish, and, the 
selection once having been made, it is still more diffi- 
cult to make the weeding which sometimes proves 
to be desirable. Instead, the State Power Board tries to 
provide the workers with such tools and mechanized 
equipment that will enable them to accomplish most 
effective work. The more remote and inaccessible a 
construction plant is, the more important it is to 
purchase durable and good tools and machines for 
the operations. In order to keep the construction 


equipment in good condition it is necessary to have 
extensive 
repairing. 

Before starting operations the amount of material 
for the construction work must be calculated in detail 


workshops and_ skilled mechanics for 
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Above: House for staff with family. Left: Tenant- 

owned houses erected by workmen in their leisure 

time from prefabricated units purchased from the 

power plant company. Below: Another type of house 
for workmen with families 


and purchased; also one must 
see to it that it can be stored 
at the construction site. Com- 
paratively high costs and 
much labour must therefore 
be expended on store build- 
ings. 

At remote hydro-electric 
construction projects in Sweden 
every effort is made to go on 
with the operations all the year 
round and to keep regular 
working hours independent of 
the weather conditions. These 
operations are carried on as 
normal work, and work at top- 
pressure speed and overtime 
work are avoided as much as 
possible in order not to tire 
and irritate the labour force. 
Sometimes such work can be 
necessary because of the urgent 
necessity of rapidly increasing 
the power production of the 
country; but strictly speaking 
it does not often occur. If ex- 
tremely bad weather should 
stop the operations, no wages 
are paid for the lost working 
hours. 

It is, however, evident that 
the wage-level per time-unit is 
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influenced by available time 
for work and that the wages 
for piecework jobs must 
be higher on sites with extra- 
ordinarily unsuitable weather 
conditions than on sites which 
are better favoured in this 
respect. 
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The Morar Project. Downstream end of 
fish ladder with drum gate and erection 
gantry behind. 
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Falls on the Lochay 


Wayleave Problems in Scotland 


J. L. Sydie, A.R.I.C.S., Chief Wayleave 
Officer, North of Scotland Hydro-Electric 
Board, describes the effect on fishing and 
agriculture of the Scottish Hydro-Electric 
Schemes. 


NE of the first duties of the North of Scotland 

Hydro-Electric Board under the Hydro-Electric 

Development (Scotland) Act, 1943, was to 
produce a development scheme and in that they listed 
102 separate projects. In this development landowners 
and fishing interests would be affected to a large 
extent. The Act also provided for the creation of two 
separate Committees—Amenity and Fisheries—to 
advise the Secretary of State for Scotland and the 
Board, and it allows 40 days to all concerned in which 
to lay objections to a scheme published by the Board 
with the Secretary of State for Scotland if they see fit. 
Should a scheme attract no objections it then receives 
the approval of the Secretary of State for Scotland. 
Where objections cannot be overcome the Secretary 
appoints a Commissioner to held an inquiry. On 
approval a scheme then lies before Parliament for 
another 40 days, during which period it is open to 
those concerned to present a prayer for its annulment. 
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Even with the Electricity Act, 1947, in operation this 
procedure still holds good. It will be seen therefore 
that fishing and other interests are well protected and 
have every opportunity of airing any grievances that 
may exist. 

The rivers of northern Scotland provide excellent 
salmon and trout fishing and with the proposal to use 
the water resources for hydro-electric development 
there was naturally apprehension even with those who 
warmly welcomed the proposals as to what the effect 
would be on those fishings which add much to the 
rateable value of certain counties and create employ- 
ment for local people. An essential for salmon is that 
they have the freest possible access to the spawning 
beds in the headwaters of the rivers. Certain rivers 
have natural obstructions which cannot be surmounted 
by salmon. Fish passes will be employed where 
required on those artificial obstructions necessary for 
hydro-electric development. 

Creation of reservoirs in certain circumstances may 
mean loss of spawning ground, but there is compensa- 
tion here in that a regulated flow in another reach 
of river below the power station may save many ova 
which in normal conditions would be lost by strand- 
ing, freezing or scour during heavy spates. Reservoirs 





253 











also regulate water temperature by releasing warmer 
water from the bottom of a deep dam in a period of 
hard frost, or in summer by adding cool water to a 
shallow river: thus maintaining proper conditions for 
the fish. With the diversion of water from one water- 
shed to another the flow below a reservoir establishes 
a bigger and better river. Loss of natural spawning 
ground can be off set by artificial hatching. 

Just as it is essential for salmon to reach the 
spawning grounds, so is it important that the young 
fish get downstream; and in some hydro-electric in- 
stallations salmon smolts and trout are often able 
to pass through the turbines without ill effects. 
Mechanical screening to keep fish from entering 
pressure tunnels is costly and has operational defects. 
Electric and supersonic “screens” are under con- 
sideration whereby the fish can be diverted away from 
a danger zone into special passes. None can deny that 
there will be many acres of reservoir fishing in the 
north of Scotland where none previously existed. By 
employing ail that is best in fish protection and intro- 
ducing improvements there need be little fear that 
hydro-electric development will harm this sport and 
industry to any appreciable extent. In fact it has been 
said that with the advent of hydro-electric works in 
the south of Scotland the stock of fish has improved. 

With the formation of reservoirs there must in- 
evitably be a loss of agricultural ground which, while 
not comparable with the productive type of the Carses 
of central Scotland, is nevertheless important because 
of the lack of that type of ground in the Highlands. 
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A general view of the Loch Sloy Project showing 
the upstream face of the dam 


Ground used for sheep wintering may also be lost to 
farming but it is quite clear that the advantages of 
power generation to the country far outweigh any 
losses to the agricultual industry. Certain of the 
reservoirs which will ultimately appear affect neither 
arable nor wintering ground. In fact there is an antici- 
pated advantage farming can derive from power 
development. There is no sadder sight than crops and 
live-stock being swept seawards during floods. It is 
hoped in certain cases that with the formation of 
reservoirs there will be a certain amount of flood 
control. The number of buildings which will ulti- 
mately have to be demolished before the reservoirs 
are filled is relatively small. In the catchment areas 
the ground will continue to be used principally for 
sheep grazing. 

Many poor class roads in the areas of hydro-electric 
development are being put into first class condition, 
thereby making it possible for the public to have 
access to unfrequented areas. Rights of way are safe- 
guarded, and alternatives are provided when occasion 
demands. There will be those who do not like the 
appearance of pipe lines leading down the hills to the 
turbines; but at first there must be constructional 
scars, which nature herself will heal. Sowing grass at 
the excavations for pipe line supports, and painting 
these and the pipes to harmonise with the surround- 
ings will do much to make them inconspicuous. Trees 
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Transmission line from Tummel-Garry Scheme under 
construction near Sma’ Glen 


and shrubs can be planted alongside the pipe lines. 
A mixture of cotoneaster, whin and broom would 
make an effective screen. Another method which 
could be employed is the planting of screens of higher 
trees alongside roads which would block the view of 
pipe lines to road users. That, however, cannot always 
be done for such screens, while forming shelterbelts 
for farm stock as well, might blot out some fine view 
of Highland scenery. Such roadside screens, which 
would require to be about two chains wide and fenced 
against deer, sheep and rabbits, are best formed of 
Mountain Pine, Norway Spruce, Scots Fir, Sitka 
Spruce or Pinus Contorta, depending on local afforesta- 
tion conditions. If a pipe line has to be built through 
growing timber only those trees are felled which are 
necessary for constructional purposes. 

In the formation of reservoirs there must in certain 
cases be a felling of growing timber before flooding 
takes place. Care is being taken not to fell on any 
islands created in reservoirs. Much of this felled 
timber is of inferior quality and the selling price falls 
far short of the felling and extraction costs. In felling, 
stools must be left as low as practicable so that they 
show as little as possible when there is fluctuation in 
the reservoir level. A certain amount of millable 
timber is usually available in such fellings which can 
be converted on site for constructional requirements, 
thereby saving time in procuring such needs from a 
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distance. Extraction of all this timber is in many cases 
difficult, involving occasionally floating down or 
across rivers to a suitable landing point. Sometimes 
the conversion of unmillable timber to charcoal is 
carried out on site—about five tons of raw material 
being required for one ton of charcoal. 

Many miles of steel tower transmission lines at 132 
kV (an even higher voltage is under contemplation) 
are being erected in the North of Scotland, forming 
a grid which links all the hydro-electric stations and 
the existing grid in Central Scotland. This side of 
hydro-electric development affects far more land- 
owners and their tenants than any other, although to 
a lesser degree. For a main transmission line the 
publication of a Constructional Scheme is necessary, 
but before this is done there is much negotiation with 
a view to making the publication as near a formality 
as possible. Local authorities are consulted about 
roads, housing development, and other matters within 
their jurisdiction, Air Ministry and Admiralty as to 
flying obstruction, War Office for training areas, and 
sO on. 

The nature of the terrain in the North of Scotland 
makes it imperative that the lines be routed in the 
valleys near roads in order to facilitate construction 
and maintenance. Every Post Office telephone line 
crossed by the transmission lines must be under- 
grounded. Difficulties are experienced in the ap- 
proaches to urban areas on account of building 
development often entailing transforming down the 
voltage and laying underground cable instead of 
255 





Clearing a path for the Gairloch Project pipeline 


erecting overhead lines to the delivery point. All 
interests are carefully considered before deciding on 
a route. Constructional work involves many claims 
from the farming community, but if the work pro- 
ceeds after harvest these are minimised. At all times 
the aim is to do as little damage as possible, an 
example being the manhandling of the line conductors 
through valuable crops instead of by mechanical 
means when stringing is in progress and keeping the 
construction gangs to one track through fields for 
their lorries, etc. 

Timber felling for line clearance creates probably 
more work in the Highlands than elsewhere. It be- 
comes a liability as the proceeds of the sales fall short 
of the felling and extractions costs principally because 
of the timber being in small scattered lots and in 
inaccessible places for extraction. There is steriliza- 
tion of planting ground for about 90 feet on either 
side of the high tension lines, but it varies according 
to species of timber and ultimate height of the timber 
at maturity. No tree is left standing which if blown 
would endanger the operation of the lines. In 
cutting these lanes there is the ever present danger 
of the remaining timber being blown. Consideration 
has been given to allowing young plantations to 
grow until they reach the height of the conductors 
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but it has been proved that 
the timber yield is uneconomic 
while the blowing risk in- 
creases as the plantations get 
older. The timing of the cut- 
ting of young coniferous plan- 
tations can prove lucrative by 
their sale for Christmas trees 
and in fact these lanes might 
well be utilized for such a crop 
thereby cancelling the work of 
keeping down weeds and 
bracken. A minimum clear- 
ance between ground level 
and the lowest conductor 
under the most adverse 
weather conditions is main- 
tained according to regula- 
tions, but farmers require to 
exercise care in the use of rick 
lifters where the framework 
can come in contact with the 
conductors. 

In addition to the main 
transmission lines many miles 
of subsidiary lines are being 
erected for rural electrification, 
one of the duties placed on the 
board being the supply of 
electricity to districts which 
previously knew nothing but 
oil lamps. The lack of certain 
materials, especially  trans- 
mission line poles, is retarding 
progress in this direction. 
Many of the estate owners are 
cooperating in providing Scots 
pine and larch poles for the 
lines required to serve their 
properties even after sacrific- 
ing much timber for the war effort. Home grown 
Sitka and Norway spruce, of which there is a better 
supply have been tried but they are unsatisfactory 
The Forestry Commission’s plantations should in 
time help the supply of home grown poles. 

The depopulation of the North of Scotland has for 
a long time been a matter of deep concern; but hydro- 
electric development is going a long way to arrest the 
drift south and oversea. The constructional work is 
now employing thousands of men housed in first class 
camps with all modern facilities. On commissioning 
the various plants there remain the permanent staff 
for operation, maintenance and administration 
employment created which did not previously exist. 
The contribution made to the rating return of the 
various counties affected will be important. The 
farming communities are getting the benefit of reduced 
costs with the introduction of electricity—and in the 
houses and villages there are increasing amenities 


THE INTERNATIONAL COMMISSION on Large 
Dams will hold its next main meeting in New Delhi. 
India, in 1951. At the same time there will be an 
engineering exhibition, in which will be seen work- 
ing models of river control schemes and various 
aspects of hydro-electric plant. The exhibition will 
also serve to interest members of the World Power 
Conference which also meets in New Delhi that year 


ee 
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Washington, D.C., U 


Hydro Power and Conservation 


Mr. LELAND OLDS, Federal Power Commission, 
.S.A., addressed the recent 


United Nations Scientific Conference on the Con- 
servation and Utilization of Resources. His paper 


was briefly mentioned 


, among others in the pre- 


vious issue of WATER POWER. We are now 
able to give an extended summary of Mr. Leland 
Olds’s remarks. 





STIMATES made by the staff of the Federal 

Power Commission indicate that plants with a 

capacity aggregating about 77 million kW, capable 
of generating on the average some 400,000 million 
kWh a year, remain to be developed in the United 
States; these figures being about five times the present 
installed capacity. To develop these resources, the 
adoption of comprehensive multi-purpcse reservoir 
programmes for most of the country’s river basins 
will be called for; and the welfare of millions of 
people is tied up in the fullest utilization of the energy 
resources. 

To meet this challenge the various Federal agencies, 
including the Federal Power Commission, have been 
developing what might be described as a new branch 
of engineering, combining the hydraulic, civil and 
electrical branches into “ river-basin engineering.” 


A Physical Unit 

The entire river is looked at as the physical unit 
to be developed, rather than limiting the planning to 
individual projects. The needs within the whole basin 
for the various uses of water are appraised in terms 
of their relation to, and their effect on, the develop- 
ment of power. 

All plans for dams, reservoirs, waterways, and 
power plants are laid out on a multipie-purpose basis, 
and all are considered in regard especially to the 
inundation of agricultural lands. Cardinal to all plans 
is the adequate control of the stream through storage 
reservoirs. Thermal power plants are not looked on 
as being competitive, but each source of power is 
seen as having its own peculiar characteristics and 
values, with their greatest values achieved through 
their complementary use. 


River Basin Engineering 

The paper then cites some examples of “ river- 
basin engineering ™ in practice, the first relating to the 
Alabama-Coosa River. Congress has authorised a 
large-scale plan for a development designed to obtain 
the maximum beneficial use of the river, with em- 
phasis on hydro-electric power, and the work is under 
way. Multiple-purpose reservoirs are to be built on 
the headwater tributaries, to provide flood protection 
for agricultural lands and for stream flow regulation 
for the benefit of power plants located at the reservoir 
points and at sites downstream. A series of navigation 
pools will be established on the lower reaches, ex- 
tending to the mouth of the river. 

On one tributary, the Tallapoosa River, exception- 


ally large reservoirs, holding considerably more water 


than is needed for seasonal regulation, will be avail- 
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able to retain water collected in years of abundant 
run-off for use during other years when the rainfall 
is low. 

A sustained rate of generation throughout the year 
has been planned, by the aid of the very large storage 
capacity which will ultimately be available. Thus the 
hydraulic integration of the plants provides a large 
amcunt of dependable power from the whole group 
of stations all along the stream, considered as a unit; 
and the electrical interconnection which is also part 
of the plan makes it possible to utilise the resulting 
output as effectively as possible. Flood control for 
the whole basin is also assured, and there will be 
greatly improved navigational facilities. 


Navigational Needs 

In the case of the development of the lower half 
of the Arkansas River basin, different problems are 
presented to the river-basin engineer. Here naviga- 
tional needs are paramount, and in view of the broad, 
flat nature of the valley, a series of low diversion 
dams, combined with power-navigation canals with 
locks and power houses located where the canals 
return to the river, is planned. If high-head power 
plants in the main stream had been considered, the 
necessary dams would have involved the inundation 
of valuable farm lands. 

A further example of overall planning is given in 
the paper, and this relates to the King’s River in 
California. Here irrigation is a vital function of the 
water, and the regulation of the stream flow by means 
of storage reservoirs in the mountainous headwater 
areas will serve to provide twice as much water during 
years of extreme drought as would be available with- 
out the power development. This latter aspect means 
that some 1,000,000 kW of power will also be made 
available. 

The author concludes by stating that whatever the 
future may offer in the way of energy resources other 
than the exhaustible coal, oil and gas reserves of 
some parts of the world, the efforts to establish 
balanced regional economies are going to require that 
the perpetual supplies of energy available in falling 
water should be fully utilised. 





NEW DIRECTOR FOR BTH. 


At the last meeting of the board of directors of 
the British Thomson-Houston Co. Ltd., Mr. K. R. 
Hopkirk, M.A., chief mechanical engineer, was 
elected a director of the company. 


257 








Book Reviews 


Swiss Rules for Hydraulic Turbines 


Ist Edition. Published by the Swiss Electrotechnical 
Institution, Zurich, 8. This paper-covered booklet of 
seventy-two pages has been drawn up by the Technical 
Committee appointed by the Swiss Electrotechnical 
Institution to deal with hydraulic turbines, and gives 
an exhaustive set of definitions of every aspect of their 
design. It is not concerned with the theoretical 
reasons behind the designs with which it deals, but 
aims rather at providing a uniform datum table to 
which types of turbine design (both of impulse and 
reaction) can be referred. 

It defines the effective head of every type of 
turbine and installation condition, and then deals 
with the power cutput; the definitions and measure- 
ment of pressure variation; speed of rotation; speed 
variation; and efficiency. A further section is devoted 
to contract provisions, and while these may not be 
universally applicable, they obviously form a very 
sound basis for any agreement on water turbine 
matters between purchaser and manufacturer. 

The second part deals with rules relating to 
measuring techniques, and specifies the various 
methods of measurement and other applications in 
order that the guarantees, referred to in the previous 
section, may be effectively carried cut and checked. 
The quantities with which this section deals are 
discharge; net head; turbine output; speed; speed 
variation; and pressure variation. Types of meters 
employed for these purposes are specified, and 
gauging metheds are dealt with at length. An 
appendix gives a list of publications mostly of Swiss 
and German origin, which are quoted at various 
points in these Rules. 

In the columns of this journal we have urged the 
need for uniformity in the presentation of hydro- 
electric statistics of all kinds. Turbine data set 
out or specified in accordance with these Swiss 
Rules is bound to be clear and unmistakable in 
meaning—other manufacturing countries might well 
follow suit. 


Science in Industry 

Ten years of development in industrial science is 
reviewed in the Department of Scientific and Indus- 
trial Research’s “Report for the Year 1947-48” 
(Cmd. 7761), published in September by His 
Majesty's Stationery Office (price two shillings, 
postage extra). 

The Report covers the researches undertaken by 
the D.S.1L.R. during the war including the British work 
on the atomic bomb. Perhaps the pages of most 
general interest will be those dealing with the research 
association movement. The origin and early history 
of the movement are briefly mentioned as a pre- 
liminary to an account of searching examinations 
conducted by the Industrial Grants Committee in 
1943 and again at later dates. The Committee was in 
no doubt at all that the general shape of the scheme 
was fundamentally sound and had been proved so by 
experience, but recommended a number of ways in 
which it could be improved. 

Most of the recommendations have been announced 
and implemented, for example the permanent col- 
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laboration between the State, represented by the 
D.S.LR., and the research associations, and the 
making of capital grants for major expenses such as 
buildings or unusually expensive equipment. There 
are, however, several points of principle which are 
firmly declared, for instance the high degree of 
autonomy essential to the success of a research 
association, the importance of contact between 
D.S.I.R. stations and associations, the bridging of the 
gulf between development of a new technique and 
its adoption in works practice, and the importance of 
the highest scientific ability being on the staff of the 
research associations. With regard to the latter the 
report says that freedom from routine duties, visits 
to centres of research both at home and abroad, and 
freedom to choose their own line of investigation 
should not be considered as taking them away from 
their work but as proper contributions to the work 
of the research association. 

In the last paragraphs a note of warning is sounded: 
“The chief factors limiting the development of the 
Department’s plans have been shortage of staff and 
lack of suitable buildings.” In consequence the 
Department must leave undone many projects which 
are worthy of attention and these, in general, are 
investigations of longer range. It has had to be the 
policy of the Department to concentrate its efforts on 
short term investigations of obvious utility and on 
advisory work using its stock of knowledge at the 
expense of longer range and more fundamental re- 
searches. “ But it is from such fundamental researches 
that the day to day information will be drawn a few 
years hence.” The major problem of policy is the 
balancing of the need for giving assistance on 
problems of immediate and pressing importance and 
the need for providing the basis for more far-reaching 
advances in industrial technique and practice on which 
the continued prosperity of the country must ulti- 
mately depend. 


The Beama Catalogue 

The British Electrical and Allied Manufacturers’ 
Association has just published what is probably the 
most comprehensive and authoritative catalogue 
ever available to oversea buyers on the products of 
a single industry. This first edition (1949/50) of the 
BEAMA Catalogue provides buyers in every part of 
the world with full, accurate and attractively pre- 
sented data on the products of the entire electrical 
industry. It will constitute the soundest possible 
foundation for the industry’s augmented oversea 
sales drive, and its publication coincides most oppor- 
tunely with the recent international currency changes. 

The President of the Board of Trade, Mr. Harold 
Wilson, in a foreword describes the catalogue as “ an 
admirable example of the collective effort of an 
association to present to the world the great poten- 
tialities of the industry which it represents.” A classi- 
fied buyers’ guide, listing ail BEAMA members under 
1,112 product headings, is included in this trade 
guide which comprises six sections, the first three 
printed in three colours, in uniform editorial style. 

Thirteen thousand copies of the BEAMA catalogue, 
which is published by Iliffe and Sons, have been 
printed and 10,000 copies are being dispatched over- 
sea to principal buyers, distributors, municipal 
undertakings, trade commissioners and others in 
every country in the world. 
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Allis-Chalmers Manufacturing Company. — A 
bulletin has just been issued describing type RMC 
manually operated reduced voltage auto-transformer 
motor starter. Used with two-phase, three-wire or 
three-phase motors driving pumps or other machines 
where reduced voltage starting and manual control 
are desired, the starter provides high starting torque, 
adjustable voltage taps, and under voltage and ther- 
mal overload protection. All live parts are enclosed 
and interlocking prevents the motors from being 
started at full voltage. The starter is designed for 
non-reversing duty and ranges in size to control 
motors up to 125 horsepower at 220 volts, to 150 
horsepower at 440/550 volts and 15 to 150 horse- 
power at 2000/2500 volts. 


John Blackwood Hodge & Co., Ltd.—Recently 
the s.s. “ Malakand ” sailed from New York carry- 
ing a Marion excavator weighing, without ballast, 
about 455 tons. The Marion, a “ walking dragline ” 
of 12 cu. yds. capacity—one of the largest pieces of 
equipment ever to be shipped across the Atlantic— 
has been ordered by the United Steel Companies 
Limited for use at Scunthorpe, Lincs. The overland 
journey from Liverpool to Scunthorpe required 
about 50 vehicles, while the assembly of this 
machine on the site, plus modifications to suit British 
electricity supply, will take 14 to 16 weeks. The 





A similar “walking dragline” operating in the U.S.A. 


Marion 7400 “walking dragline” is electrically 
powered and controlled and will be the first machine 
of its type to operate in England. 

John Blackwood Hodge and Co. are the sole 
agents in Great Britain for the Marion Power Shovel 
Co., of Marion, Ohio, which manufactures excava- 
tors ranging from } cu. yd. to 45 cu. yds., the world’s 
largest. 


Blaw Knox Limited.—At the Building Exhibition 
in Olympia, London, from Nov. 17 to Dec. 1, a 
mobile “Junior” weighbatcher, a high-mounted 
“Rex” 12S concrete mixer and a model 160 con- 
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crete pump, are arranged in line as for operation, 
to illustrate the modern method of high speed, high 
quality concrete production and placement. The 
“ Junior” weighbatcher meets the present day de- 
mand for accurately proportioned concrete by cor- 
rectly weighing aggregates and maintaining rapid 
and continuous feeding to the mixer; the 12S con- 
crete mixer representing the “ Rex” range with their 
unrivalled fast (only 75 seconds) mixing cycle, and 
the concrete pump, the up-to-the-minute method of 
placing concrete through pipelines. The concrete 
pump reduces the cost per cubic yard of placed con- 
crete to a remarkably low level—with one man, more 
concrete can be placed than by a whole team using 
old-fashioned methods. Capacity of the Blaw Knox 
model 160 concrete pump is 15-20 cu. yds. an hour 
and all well-graded and proportioned concrete of 
reasonable workability and maximum aggregate size 
of 2 ins. can be pumped. It will transport concrete 
over distances up to 1,000 ft. horizontally, 100 ft. 
vertically or a combination of each. 





The British Thomson-Houston Company Limited. 
—Mr. A. A. Pollock, B.Sc., director and chief 
mechanical engineer of the company has retired, 
but he will be available in a consultative capacity. 
Mr. K. R. Hopkirk, M.A., has been appointed to 
succeed Mr. Pollock as chief mechanical engineer. 

Mr. Pollock was associated with the development 
of the shop technique in commutator building, fab- 
ricated structures, and new methods of mechanical 
construction of large motor-generator sets and 
rectifiers. His department developed the “ controlled- 
current” system and some of its applications with 
the use of a three-winding exciter—a forerunner of 
the modern Amplidyne control. As a result of his 
long study of commutator design there has recently 
come into use the “ Pollock ” commutator—a revo- 
lutionary development in design with which his 
name will long be associated. While saving a large 
amount of copper, particularly on the large sizes, 
the design ensures lower internal stresses and mini- 
mises the possibility of distortion developing in 
service. 

Mr. Hopkirk joined the BTH test department, 
Rugby, in August, 1915. In July, 1945, he was ap- 
pointed assistant chief mechanical engineer of the 
company. Mr. Hopkirk has always been closely 
connected with the turbine department and its asso- 
ciated problems, and has carried out much pioneer 
work, especially on mechanical matters. These in- 
clude the study of vibration and methods of balanc- 
ing. On the electrical side he has been closely identi- 
fied with the development of turbo-alternators up 
to the largest sizes during the past 30 years, 
especially with the design of 33 kV. windings and 
the associated problems of surge protection. 


General Electric Company Ltd.—One of the prob- 
lems facing engineers concerned with the maintenance 
of long transmission lines, is that of keeping in touch 
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with the maintenance gangs who may be distributed 
over scores of miles of inaccessible country. In various 
parts of the world, radio equipment is used for this 
purpose and this company’s industrial V.H.F. radio 
is therefore of interest in this connection. Equipped 
with selective calling and a two-digit dialling system, 
it can cover as many as 70 individual stations; and 
the mobile equipment is so small that it can be packed 
into the line maintenance van without taking up appre- 
ciable space which may be used for other purposes. 

Other applications of equipment of this type are in 
connection with widespread construction schemes 
where perhaps the driver of a dumper, or other mobile 
quarrying or earth shifting device can be summoned 
instantly to where the need for his machine is greatest; 
and can thus avoid the wastage of time inevitable 
when messengers have to be employed for this 
purpose. 


Gilbert Gilkes & Gordon Ltd.—During the past 
months orders have been coming in steadily from 
all parts of the world and a number of the firm’s 
Turgo impulse wheels have been ordered. Messrs. 
Balfour Beatty & Co. Ltd. require a 300 b.h.p. tur- 
bine with emergency governor for the Selby Falls 
Hydro-Electric scheme, East Africa. This turbine 
will drive an induction generator and is required 
very urgently. The Icelandic State Electricity 
Authority has ordered a 2,400 b.h.p. Turgo impulse 
wheel operating under a head of 184.2 metres for 
Olafsvik Electricity Supply in the Western corner 
of Iceland. A 3,400 b.h.p. Turgo impulse wheel has 
been ordered by the Otago Central Power Board, 
New Zealand, for their Fraser River development. 
Among the Spiral cased Francis turbines is one de- 
veloping 725 b.h.p. for Stanger Municipality, Union 
of South Africa; one developing 1,150 b.h.p. for the 
Raub Australian Gold Mining Syndicate, Malaya, 
and two each developing 265 b.h.p. for the Com- 
panhia Do Assucar De Angola, Portuguese West 
Africa. 

A small but interesting contribution to th 
Canadian export trade is an experimental college 
turbine for a Montreal University. 

A 4,250 b.h.p. double overhung Turgo impulse 
wheel operating under a head of 89.5 metres at a 
speed of 300 r.p.m. has just been shipped to the 
Companhia Marmole y Cementos Del Nare, Colom- 
bia, South America. This unit included a 3,000 kW 
Bruce Peebles alternator and is intended to replace 
two American built spiral cased Francis turbines 
which were installed some eight years ago and have 
been a continual source of trouble due to the pre- 
sence of silica grit in the water. It is expected that 
this unit will be in operation before the end of 1949. 


oO 


Hackbridge and Hewittic Electric Co. Limited.— 
The first of two 60,000 kVA transformers has re- 
cently been shipped to Canada, for service on the 
Shawinigan system, at Shawinigan Falls, Province 
of Quebec. 

These transformers are three-phase type OFW 
units with a voltage ratio of 125 kV. Star/66 kV, 
Delta, having push button controlled on-load tap 
changing equipment on the 125 kV winding to pro- 
vide a voltage variation of plus and minus 12 per 
cent. in 20 steps. Cooling is by means of Serck water- 
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One of the 60,000 kV A transformers en route 
to the docks 


cooled oil coolers with submerged type motor driven 
pumps to provide forced oil circulation. The trans- 
formers will be used as interconnectors between the 
66 kV and 110 kV systems at Shawinigan Falls, to 
permit the transfer of generating capacity from the 
Montreal system, which is essentially a peak load 
supply, to the 66 kV system. Concurrently with their 
manufacture, generating capacity at Shawinigan 
Falls has been increased by the installation of three 
new generators each 65,000 h.p. 

The transformers are large units, each weighing 
111 (long) tons complete and 69 (long) tons stripped 
for shipment. Their height, which is approximately 
26 feet overall, makes them imposing units. The 
second 60,000 kVA transformer will be shipped to 
Canada this autumn. These units are among the 
largest exported from Great Britain. 


Appointment of Mr. A. O. Cosgrove, B.Sc., 
M.LE.E.—The General Electric Company Ltd. 
announces the appointment of Mr. A. O. Cosgrove, 
B.Sc., M.LE.E., as the company’s resident engineer 
and general representative in British East Africa. 

Mr. Cosgrove will be responsible for looking after 
the interests of The General Electric Company Ltd. 
in Kenya, Uganda, Tanganyika, Zanzibar and 
Nyasaland in conjunction with the company’s agents 
resident in these territories. 

He will return to Nairobi at the end of the year 
to commence his new duties. Mr. Cosgrove is well 
known in East Africa where for many years he was 
the electrical engineer to the Kenya Government. He 
was recently chief electrical engineer to the Uganda 
Electricity Board established, in January 1948, to 
construct and operate the Owen Falls Hydro-Electric 
Scheme on the River Nile near Jinja. 





CLASSIFIED ADVERTISEMENTS 


Appointment Vacant 
HY DRO-ELECTRIC COMMISSION, TASMANIA 


Applications are invited for positions in the Civil and 
Electrical Engineering Branches for hydro-electric power 
development in Tasmania. Vacancies exist for Senior 
Engineer (Design) £1,198—£1,278. Engineers (Design and 
Construction) £678—£1,148. Draftsmen (Civil, Survey and 
Mechanical) £678—£838. Surveyors £678—-£933. Electrical 
Engineers £783—-£1.148. Draftsmen £578—£838. All salary 


rates are expressed in Australian currency. 
Further details may be obtained upon written application 
to Agent General for Tasmania, 457 Strand. London, W.C.2 
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Ahove : A later stage seen from the other bank. 


AS A RESULT of the damming of the 
River Tummel at Pitlochry (work on 
which Wimpeys are the main contrac- 
tors to the North of Scotland Hydro 
Electric Board) a road bridge upstream 
of the dam site will be submerged. 

To provide a new crossing of the 
River Tummel, Wimpeys are building 
Aldour Bridge three-quarters of a mile 
downstream of the dam. It is a three- 
span reinforced concrete bridge carrying 


GEORGE WIMPEY & CO. LTD., HEAD OFFICE: 


WATER POWER 


| WIMPEYS AT WORK | 


a Highland 


Right : Early stages of work on Aldour Bridge. 


Bs ee 


an 18 foot roadway. The centre span 
is 94 feet long and the two anchor spans 
77 ft. 6 ins. 

In the upper photograph, the steel 
sheet piles forming the cofferdams for 
the two concrete piers can be seen in 
position in the river. Work on the 
abutments is in progress on the banks. 

In the lower and later photograph, 
the abutment on the river bank is taking 
shape. In the centre of the picture, one 
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THE GROVE, HAMMERSMITH, LONDON, W.6 











ENGINEERS: Sir Alexander Gibb & Partners 


of the reinforced concrete piles which 
will provide a foundation for the piers 
is being driven into the river bed. 
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HEAVY DUTY E 


“We don’t chuck our weight around—just concen- 






















trate it, quietly—like, with a spanner and Securex 
expanding tool. I've pondered heavily on the subject. 
| don’t want no trouble in the joint so | post a Securex 
at every strategic position.” Always use Securex. 


They're rustproof and furproof and clamp their 






pipes in their jaws with True 


British Fortitude under any strain 


The Heavy Duty flange-type com- 
pression Joint for all bores over 
3” in Water, Gas, Steam Heating 
and Hydraulic Systems. 


SECUREX SOLE MANUFACTURERS: a , 
| JAMES H. LAMONT & CO. LTD., Engineers, Brassfounders 


~ COMPRESSION | GYLEMUIR WORKS, CORSTORPHINE, EDINBURGH, 12, SCOTLAND 
SOLDERLESS Telephone CORSTORPHINE 6664) -2 Telegrams: “SOLDERLESS, EDINBURGH” 
— JOINTS LONDON OFFICE: NORFOLK HOUSE, LAURENCE POUNTNEY HILL, £.C.4 


Telephone: MANSION HOUSE 5700 Telegrams: “YUTAKA CANNON, LONDON” 





















































SUCTION 
° CONVEYOR BELTING | ‘coranc” 
CLOTHING 
DELIVERY 
s MANUFACTURED BY THE a 
Oxy CONTINUOUS VULCANISATION PROCESS RUBBER BOOTS 
- For over 78 years we have specialised in the manufacture 
ACETYLENE of Rubber and Asbestos products, Protective Clothing, etc., e 
of the highest quality. Let us know your requirements 
* no matter how large—we can supply you quickly, in some a 
ARMOURED cases from stock. ° 
Northern Area, a a Sunderland, lato 
3/5 Queen Street A N D C 0 M P A N Y L I D 44 Borough Road, 
NEWCASTLE-ON-TYNE ail & ™ SUNDERLAND 
a THE GLASGOW RUBBER & ASBESTOS WORKS. — 
GLASGOW, N.W. 
ad Telephone: MARYHILL 2255 + Telegrams: ‘* CAQUTCHOUC, GLASGOW”’ e 
North Midlands Area South Midlands Area, South East Area, Belfast Branch, Glasgow Warehouse, 
22 Chapel Street 73 Perry Barr Rd., Ge. Barr, 2 Lawrence Lane, 106 Ann Street, 81 Mitchell Street, 
LIVERPOOL BIRMINGHAM, 22 LONDON, E.C. 2 BELFAST GLASGOW, C.! 
(CEN. 1874) (GT. BARR 1377) (MONARCH 3242) (23923) (CEN. 5343) 
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DISCHARGE REGULATORS FOR DAM OUTLETS 





The Larner-Johnson valve possesses exceptional qualities for free 
discharge control. No other valve provides so complete an answer 
to the dual problems of high velocity flow and hydraulic unbalance 
associated with this duty. Being of true streamline form, it passes 
a smooth jet at all openings, giving freedom from vibration and 
erosion under the highest heads. Operation is by means of the pipe 
line pressure acting on the plunger, governed by an internal pilot 
valve control which holds the plunger in balance at all open positions 
(when stationary) and creates the appropriate unbalance for opening 
or closing. Ease of operation is thus ensured, irrespective of size or 
pressure. Simplicity of design. freedom from distortion troubles. 
absence of sliding surfaces under pressure. all contribute to the 
success of the valve over the full range of conditions. Some of the 
largest valves of their class are of Larner - Johnson type, amongst 


them the three 13 ft. by 7 ft. 6 in. and four 9 ft. by 7 ft. 6 in. regu- 


lators at Hume Dam, on the Murray River. Australia, certain of which appear in the adjoining photographic view. 


Full particulars from : J. Blakeborough & Sons Ltd., Brighouse, England. 


-BLAKEBOROUGH 
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Hydro-Electrification 


Scheme—Ceylon 


Installation of 
Haulage Gear 
at 


Norton Bridge 


m.6. WILD BOL Svammcnam3 


Telephone .EAST 204!- Telegrams & Cables: HAULING BIRMINGHAM] 
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Water Power 


TOTHILL STREET, WESTMINSTER 
LONDON, S.W.I, ENGLAND 





Beginning with the next issue please post each issue of 
WATER POWER as published to: 


Name 


Address 


% WATER POWER is published alternate months. The 
subscription rate is 20s. per annum, post free. To conform with 
the Board of Trade regulations subscriptions can, at present, 
only be accepted from countries outside the United Kingdom. 
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We specialise in manufacturing 
Power Transformers for Gen- 
eration. Transmission and Dis- 
tribution. All YORKSHIRE 
Transformers are designed, con- 
structed and tested to the 
corresponding British Standard 
Specification. 

We make Transformers to suit 


all requirements up to 45,000 
k.V.A. - 132,000 volts. 



















YORIKSIANRIE 
TRANSFORMIER 
















Phone. DEWSBURY 1691/2 


YORKSHIRE ELECTRIC TRANSFORMER C° LT? DEWSBURY - ENGLAND 
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THEY ‘SET THE COURSE’ FOR 
ENDURING RELIABILITY 








for Hydro Electrical Instal!ations, 
Turbine Thrusts, Pedestal Bearings, 
Motors, Generators, Pumps (Vertical 
and Horizontal), Fans, Paper-Making 
and Extruding Machines, etc. 


Great hydro-electric 
schemes require re WWELDING 


installation of special 


pipes to feed the 
er coe ore PENSTOCK | | 
a SOUTH BENWELL NEWCASTLE upon TYNE 


stations. 
The immense pres- | Telegrams: Telephone: 


sures involved de- ? | id iz S |  MICHBEARO 34279 
mand the utmost of 


engineering skill in 
the manufacture of these 


great pipe sections, and it 
THE RAILWAY GAZETTE 


= significant that engineers A journal of Rattway Management. Enginecring, Operation and Rail- 
way News, Prepaid Annual Subscription £2 5s. Ud. Single copies 1s. 





—_ “= Se omnoney S DIESEL RAILWAY TRACTION 

THE FUSARC PROCESS ‘A monthly review of world-wide developments in dicsel-engine 
; * design and diesel raiiway traction operation. 

for welding these import Prepaid Annual Subscription, 20s. Single copies 2s. 


ant structures. SHIPBUILDING AND SHIPPING RECORD 
Y a“ 1] A journal of Shipbuilding, Marine Engineering, Docks, Harbours 
ou are invited to apply and Shipping. 
Prepaid Annual Subscription, £2 5s. Od. Single copies 1s 
for more details of this POWER AND WORKS ENGINEERING 
economic process. Write A practical journa: for Plant Owners, Engineers, and Works 
Managers. Prepaid Annual Subscription, 20s. Single copies 2s 
to Fusarc Ltd., Dept. C620 THE CROWN COLONIST 
Team Valley, Gateshead- The only journal exclusively covering the Colonial Empire as a 
whole, circulating monthly throughout 40 territorics and having 
on-Tyne. for its principal object the welfare and development of the 
Colonies and of British and Colonial trade and industry. 
Prepaid Annual Subscription, 20s. Single copies 2s 
COLLIERY ENGINEERING 
A practical journal for Collicry Managers and Engincers, and 
manufacturers ot Colliery Equipment. 
Prepaid Annual Subscription, 20s. Single copies 2s 
COKE AND GAS 
A technical journal dealing with the scientific and technical prob- 
lems involved in the production of coke and gas in coke ovens and 
gasworks, and the industrial uses of these fuels. 
Prepaid Annual Subscription, 20s. Single copies 2s 
THE INDUSTRIAL CHEMIST 
A journal devoted . the progress of applied Chemistry and 
Engineering. Prepaid Annual Subscription, 20s. Single copies 2s 
BUILDING 
A practical jovrnal devoted to Architecture and Building Practice 
Prepaid Annual Subscription, 20s. Single copies 2s 
wooD 
A practical journal, authoritatively written, superbly illustrated, 
dealing with the growth, marketing and use of wood in all its forms 
Prepaid Annual Subscription, 20s. Single copies 2s 
FOOD 
A journal devoted to the manufacture, packing and marketing of 
processec foodstuffs, and of the utmost value to firms supplying 
equipment or materials { * the food industry 
Prepaid Annual Subscription, 20s. Single copies 2s 
WATER POWER 
4 technical journal devoted to the study of all aspects of Hydro- 
Electric Development. ?@ublished alternate months Annual 
subscription 20s. To conform with the Board of Trade regulations 
subscriptions can, at present, only be accepted from countries 
outside the United Kingdom, 
THE RAILWAY MAGAZINE 
A popular magazine containing illustrated articles on Railways 
and Locomotives Published monthly 
Prepaid Annual Subscr.ption, 26s. Single Copies 2s 
All above published at 


33, Tothill Street, Westminster, London, 5S.W.!1 
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tO AEM SEGA PSPS 


TRANSMISSION TOWERS 


Specialists in the design, manufacture and supply of 
towers for this country and overseas. 


The complete manufacture, including galvanizing, is 
undertaken in these works. 


Tees Side 


THE TEES SIDE BRIDGE & ENGINEERING WORKS LTD. 
WORKS & HEAD OFFICE: MIDDLESBROUGH TELEPHONE : 2021-4 
LONDON OFFICE: 17 VICTORIA ST., S.W.1. TELEPHOME : ABBEY 1613 
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Aluminium Bronze 

180 h.p. Turbine 
Runner supplied to Messrs. 
Gilbert Gilkes & Gordon 
Ltd., of Kendal, England 


HIGH TENSILE 
ALUMINIUM BRONZE 


CASTINGS 


WATER POWER 
INSTALLATIONS 


possess a Tensile Strength of 45 tons per sq. in., 
have a specific gravity of only 7.5 and are 
guaranteed to withstand any hydraulic pressure; 
also highly resistant to erosion, corrosion and 
abrasion. 


We are specialists in all kinds of Non-Ferrous 
Castings — in PHOSPHOR BRONZE, GUN- 
METAL, MANGANESE BRONZE, ETC. and in 
Light Alloy Castings, Chill-Cast Phosphor Bronze 
Rods and Tubes, Precision Machined Parts, etc. 


Fully approved by Admiralty and A./.D. 


T. M. BIRKETT & SONS. L™® 
HANLEY - STAFFS 


Phone: Stoke-on-Trent 2184-5-6 


BIO4 


"Grams: Birkett. Hanley 


in association with 


. BILLINGTON & NEWTON L!° 




















LONGPORT, STOKE-ON-TRENT 
a Bronze.Phone,Longport ‘Phone eae 
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GILBERT GILKES 


S ~ tor water power. . . 
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The 
Turgo Impulse Wheel economically 
develops power for conditions inter- 
mediate 


Pelton wheels and Francis Turbines. 


The plant illustrated is one of two 


se 





in Mauritius 


unique design of the Gilkes 


between those suited to 


ts supplied to the General Electric 
upply Company of Cu repipe. 
auritius. Each set develops 3,000 
.H.P. on 905ft. head at 1,000 R.P.M. 
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SECTIONAL STEEL 
bd |) DS 


for OVERHEAD 
ELECTRIC POWER 
LINES 


In all hydro-electric schemes the current 
generated must be disposed amongst con- 
sumers near and far, either by means of 
underground cable or overhead line. 

When the transmission and distribution 
system is overhead, efficient, economical and 
durable supports for the overhead line are a 


necessity. 
*ADASTIRA GALVANISED SECTIONAL STEEL 


POLES are efficient, economical and durable 
in all climates. 


Catalogue WP/110 


Telephone: ERDINGTON 1616 
Telegrams and Cables: POLES, BIRMINGHAM 
CODE: BENTLEY 82nd 
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The Waitaki Power Station of the Public Works Dept. 
New Zealand, contains two ‘English Electric’ 16,667 kVA, 
11,000 volt vertical-shaft alternators, driven at 125 r.p.m. by 
23,000 h.p. propeller-type turbines under a head of 70 ft. Two 
alternators of similar output have been previously installed. 
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THE ENGLISH ELECTRIC CO. LTD. 


Registered Office: QUEENS HOUSE, KINGSWAY, LONDON, W.C.2. 
Works: STAFFORD - PRESTON - RUGBY - BRADFORD - LIVERPOOL 








